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ABSTRACT 



The recorifad, verbal problee-solvirH) Mhavi(wr Of dOctora parforwing 
the diagnostic task of taking a present illneaauae analgs^td in this 
research. The )^i of the analysis mm to dieecwar wMt cNlta*>accpjieition 
strategies mtm used t^ the doctoft to aee«i|}iiMi the ti«K. A Modal eal lad 
the stratagy frMw nodal u$9 cN^aitad to daaeriba tfw atrat^iaa that tfru 
found and to ^dvide a necfUMiiia for the aelMtion of a atratatnj. In this 
Model stratew aalaction is deterained by the preblaM H^jMlce df the doctor - 
hie interrtti itiflgnostie eonfigtration. A aehsMe for ctaasifying atrategiae 
as cwif irMation, eiiMinatien, discriMination or ai^^toratlon tUte alao 
davalMped. .r 
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CHAPTER 1 
INTRODUCTION 

"UeVe experts. Ue ask the right questions." 
Henry Blocl< (of H. & R. Block) 

To begin, I ask that the reader imagine the following scene: A 

middle-aged woman enters a doctor's office at a large metropolitan 

hospital. She tells the doctor that she has felt nauseous and has been 

vomiting. She also tells him that she has had abdominal pain and has had 

to urinate quite often during that time. The following dialogue ensues: 

D: How long have you had the nausea and vomiting? 

P: For about three weeks. 

D: Did the nausea and vomiting start before the 

increased urination? 

P: They happened about the same time. 

0: Did you have a burning sensation when you urinated? 

P: Yes I did. Almost ail the time. 

D: Have you lost any weight during the past month? 

P: Yes, I've lost about ten pounds. 

Ds Do you remember having any fever or chills? 

P; I've been having some bad chills? 

D: Did your urine appear dark or bloody? 

P: No. 

D: Do you have any pain in your side, in the flank 

area? 

P: Yes, on the left side. 

Uhile the dialogue above is hypothetical, it is realistic enough to 
give a flavor of the kind of interchange that actually takes place In most 
instances when a doctor first encounters a patient. Doctors call this 
initial interview with a patient taking the present illness . This 
activity, the initial stage of data acquisition in the process of 
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forMulating a diagnosis, is dns in t^ich virtual ly all doctors participat* 
everu day. By th« and of tha intarvtau a doctor will hvf gatharad anough 
information to guida hi» in Making tha nacaasarg cttciaiona tn t^ 
Managenant of tha pat i ant including furtJi^ diagnoatic prdcaduraa and 
initial therapautic decisions. Thasa decisions mIII ba basad. in larga 
Measure, on the diagnostic hvi|>othasea forMed in the procaaa of taking tha 
present i I tnass. 

The Motivation for the research I under tdok was tha fiHida«antal 
question that wises uhen dne eMaairas the proeeaa af taking tha praaant 
i I iness - tfrtat la the origin and raa»ain for each of tha apactf tc otwationa 
asked twj tha tsbctdr? 

1.1 Mathodolow 

The Mettiod I chose to.attaek th» fura^aamtAl (maatlon la to Modal tha 
process of taking the presant illness. In the das j|p of Module of tha 
clinical daeitlmt-Mfking procast, tuo distinct tim^^Sltmt'h9v% baan uaad. 
The first, the norMative approach, aMphafi 2af tha (||yati^)Mnt of Modal a 
that are prescriptive . The decisions Made by a norMativa Modal are aaid 
(under certain assuMptiohs) to be cfetlMal dacisiar>s. If this ia true. It 
is claimad that decisions Ought to be Made this uay, disregarding the uay 
that doctors Make the same decisions. Mil la In Moat caaaa no real blatM of 
optiMality can be Mada, tha ncnatlv* af^oaeh haa had soMa auccaaa in 
certain liMited areas <Gorry 73>. 
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The second approach, the development of a deecr i pt i ve nQdel, is the 
one I chose to attack the fundamental question. A mdel based on this 
approach seeks to describe the actual decision-making process of clinicians 
performing a problem-solving task such as diagnosis. The basis for the 
model I have developed is the recorded and transcribed verbal behavior of 
doctors taking a present illness called a protocol . In the analysis of a 
protocol, the verbal behavior of the doctor is seen as a record of the 
sequence Of eteps taken by the doctor in solving a ditf^stic problem. 

Protocol analysis has bsen used by different researchers In various 
problem domains. Neuell and Simon u9r» among the first to apply this 
technique to aid in the understanding of human problem solving <Neuell and 
Simon 72>. In the area of medical diagnosis, Kleinmuntz analyzed the 
protocols of neurologists diagnosing eight areas of neurological disaase 
and compared the performance ui thin different levels of clinical eKperience 
<Kleinmuntz 68>. Oombal examined the differential diagnosis of abdominal 
pain again using clinicians uith varying degrees of expertise <Dombal 73>. 
Recently, Rubin used protocol analysis applied to a case of presenting 
hematuria as a basis for a model of hypothesis formation and verification 
<Rubin 74>. A comprehensivs survey of protocol analysis and other "process 
tracing" methodology has been compiled by Schulman and Elstein <Schulman 
and Elstein 74 >. 
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1.2 Uhy Protocol Analysis? 

An as yet unrealized goal of research into the diagnostic process is a 

comprehensive theory of hou doctors obtain, assimilate and evaluate medical 

data - what Gorry has termed the process of clinical cognition i 

"The major reason that cognitive psychology has 
made relatively little progress with respect to under- 
standing behaviors as complex as that involved in clinical 
decision-making is because there uas a serious shortage of 
uays to describe the more procedural aspects of that 
behavior." 

Thus there is a crucial link between our understanding of clinical behavior 
and our ability to describe it. And further, it is my belief that our 
ability to replicate behavior in the form of competent programs that embody 
the level of expertise found in highly-trained clinicians is predicated on 
our understanding of how doctors perform clinical tasks such as diagnosis 
in their day-to-day practice. I believe that protocol analysis is the best 
tool available for constructing descriptive models of clinical behavior as 
well as yielding a data base upon which to test theories of clinical 
cognition <Gorry 74>. 

An alternative to protocol analysis in deriving descriptions of a 
doctor's problem-solving is introspection . In this approach, a doctor is 
asked to think about and report on how he solved a diagnostic problem. 
Uhi le this can also be a useful tool, there are some serious drawbacks that 
forced me to reject it as an experimental approach. The major problem with 
introspection is val idation . There is no way to confirm that the problem 
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was actually solved by the doctor in the uay that ha defer i bed. In 
contrast, a protocol reveals each of the separate steps taken by the doctor 
in his problew-solving process. Because introspection can yiald useful 
insights, in the experiment I performed the doctors were encouraged to 
report their current thinking about the problea in addition to asking for 
data. 

1.3 Goals of the Protocol Analysis 

The original question - the orlglnrand reifon foir aach question asked 
by the doctor - I felt uas to broad and general to have ^ny hope of ny 
giving a complete or definitive ansuer. Insftead. 1 NiVe focused on one 
epecif ic ieeue raised by this question > th# datj^ouisitio n strategies 
used by the doctors. In particulw*, the fpals 1 «et for my analyaia uara 
the fol louingt 

1. Determining uhat strategies are used 
t)y doctors in the gathering of data 
for the purpose of dii^gnosis. 

2. Developing a model to describe these 
strategies. 

3. Including in this model a mechanism 

to describe the seteil^tion of a particular 
strategy. 



^ 



PAGE 10 
1.4 A Oaacription of tha ExpsriMnt 

1.4.1 Exptrimntal Oatign and Constraints 

Uith th« aid of Or. JsroM Kas8ir•^, I ssltctad a cas* history froM 
tha patient records of ths Tufts-Neu EiHlland nedieal Center. Ex^ of the 
siK doctors uho participated in the et^rieent uaa given the foltouing 
instructions! 

1. You Hi 1 1 be presented uith a case, initially 

stfrtit^j with the i|ie« saw aiHl^cNlMf Jpoipiaints Of 
the patient. 

2. Youuill tai^e «N| present illness of this 

patient with the ffti I (sifcilr^CPfid I tlfln^ 

A) Dr. KassJrfT wiij ™>t^d4rs^l|^|iJipiuliite 

the jMtient In giving answers to your 
questipaf. InsJ|^«^ lieuwijl a*vi«^^ «^ 
c^Mstion you ask about tN patient 
free the point of view of a mdicai p§f9t^: 
Mho knows as auch as can be known abei/t 
the Medical history pf.the pftjfnt. 

B) The questions \pu ask should be, M 

specific as poissibis, asking for specific 
facts. General gueatjens .SMC^ a^ 
'Uhat coaplaints did the p|iJ);(|pVhiive In 
the past?" Mill not be ariMtei^ed. 

C) Uhen you ask a qtjupstion yoy^ahwji^ provide 

a reason for asking it. 

D) You are to tell Hhat v^ learned froe 

the answer to the (^stion. You should also 
report m^ hy(K)theees v^ are coneldering. 

E) l<lhen you feel satisfied that you have 

reached a final diagnosis or feel you have 
gone as far as you c«i, you can 9top asking 
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questions and suRMarizc tha cfse. 

The entire dialogue Has recorded and tranecrlbt«l. Of the aiK doctore 
Mho participated in the experieent, four were renal Fellous at the ^EnC, 
one uas a gastroenterologist and one a cardiologist also froii the NEMC. 

1.4.2 Criteria for Case Selection 

A number of considerations uere discussed in the selection of a caee 
to be used. An ieportant fact not direct tg connected to the eMperiisent 
itself uas that the case be centered on a renal pri^teM. This uae deeaied 
neceesary because Dr. Kasiirer, uho twuJd be aneuering the queetione in 
the experiment is a renal specialist and indicated thiat he felt most 
comfortable in this area. 

The criteria that did directig beir on the experiment weret 

1. The case chosen should be txm that t (^ctor 
might aee in the ey«rvidiy|t i^se of hif ct inlcal 
practice in th* hoapital. ,^;tl|K cflM^i^ici ra 

be a "tricK" case involving a very (MbinQMre dieease. 

2. The case should be normal in the sense that the 
c I i ni ca I tH>esentat ion an4 |\i s|ory, f^l d bf both 
suggestive and consistent uith the final diagnoeis. 
No effort was made* hpHfvir. lo firal^a "^laeslc" 
case for a piar ttcu I »- disease. Both aepects uere 
important because the experiment uas designed to 
capture data about "standard" presentations rather 
than being a test of diagnostic skill. 

3. The case should bs rich in history uith enough 
data available about the medical history to provoke 
consideration of a number of possible diagnostic 
options. It uas felt that the case should contain 
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an etenent of chronic disease as imII as an acute 
presentation in that ue uished to sm if different 
HJfM-p»cht» Mtre MfiMOf Sw tJN Jtno djf firtnt Mtiwprlta 
or uhit alfict o«ie 1^ 6n' t«ir<jtiili^. 



1.4.3 Thf Case 

The case that uas finailu chosen uas one of a 57 UMr old uoMan »4k} 
presente at the hospital Hith the chief coi^>laints of naueea, voMiting, 
abdoMinai pain and frequency of irination. The patient had a hietory of a 
previous hospitalization for kidney stone reaoval fnd a hospitalization for 
urinary tract infection. At the actual ttee the patient caee to the NEfIC 
the doctors felt that the patient's flndims Mere cNm to a co«l9ined 
etiology. The difgnopis eade th«n and ilttact on tha difchirga tuwMry uaai 

1. Acute pyelonephritis (APN) 

2. Chronic renal dlMase (Q%}) 

either a) Chronic pus I (Hiephr i t i s (CPN) 
or b) PNmici«t1n nephritis 
or both together. 

3. Chronic renal failure VCIPP) 

4. Metabolic acldo«1*t secondary to CRF. 

5. Anettia secondary to tffi and folic acid 
deficiency. 

Each doctor Ms told at the start that the patient uas being discharged 
from the hoepital after a three uMk hospitalization. 
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1.5 Preview 

In Chapter 2 an analysis of a protocol is presented and discussed. In 
Chapter 3 a model for the description and selection of data-acquisition 
strategies called the strategij frame model is presented. In the last 
chapter a classification system for strategies is presented. 



PAGE 14 

CHAPTER 2 
THE ANALYSIS OF PftESEIIT lUICS S PROTOTOLS 

A prwent Illness protocol is a record of the probleB-eolvlng behavior 
of a doctor perforilng diagnosis. The analusis of each protocol Mae 
directed towards uncovering the strategies ueed by a doctor in per for* I ng 
this tasK. The Kernel of the analysi* uas the aesigwwnt of a set of floaie 
and methods to each question. The strategies used by the doctor were then 
epecified through the goal -structure for ea<^ t^ueetion and the 
relationshipe »iwng the goals for different e^aetions. 

The aajor part of this chapter cwisists of the analyaia of <>"« o* **^« 
protocols. The analysis consists of two components - a formal and an 
Informal one. The formal component ^jecifies (aacmg other thinge) the 
goals and methods for each question and the relatlohehip of the goal a to 
the current strategy of the doctor. The informal component ie a commentary 
that seeke to explain in greater detail the aedlcal facte that the doctor 
used. It attempts to provide a reader whose background in medicine ie 
limited Insight into the interpretation made by the doctor of the data that 
was presented. 

In analyzing the protocols it was felt that it was Important to try to 
maintain as wide a perspective as possible. By this I «ean that the broad 
outlines «wid overall patterns of questioning were kept in mind ae well ae 
the specific details of each questiw. One intereeting (but not 
unexpected) discovery was the tendency of the doctors to dlgraaa fro» a 
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principal tins of questioning in order to obtain (^ta that they thought 
might be eignificant at a later etage in t|ie interview nrid then to raeuaia 
the pri,ncipal line again. Uhile eKaMptes of claeeicaiproblen-aolving 
techniques such as recursion, depth-first and iM-eadth-f Iret eearch and 
back-up Mere found. Most of the strategies uere not "pure" but pragwatic. 
There uas considerable jumping around anong different areas of poncern , 
multiple focusing and conditional (priority) Interupting* '^'x'^ndant 
questions Mere asKed. (One doctor asked the exact same question at three 
different times in the intervieM.) Extra or "imnfCftefry" qMettions Mere 
also asked. One hypothesis th#t Mas considered Mte that eitM of the 
questions Mere asked simply to give the doctor timff to tKiJr^ of a better 
one. 

2.1 Formal Annotation Scheme 

The folloMing is a description of the coi!V>onenti of the for Ml 
annotation schemei 

A. (Question - A verbatua reproductim of the queetion 
asked by the doctor. 

B. Data Reiauesteyl - The specific datum iha doctor uiv) ted. 

C. Goals - Uhat the doctor hoped to accomplish by (Staining 
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the requested data. In making the decision about assigning 
goals many factors uere ueighed; the reason the doctor supplied, 
the current context of questioning and the opinion of 
Dr. Kassirer as to the possible interpretation of the data. 
Structural abstraction uas the guiding principle in formulating 
the statement of the goal. By this I mean that uherever 
possible the goal that is stated is formulated in terms of 
the structural relationship betueen the data and a specific 
knouledge "chunk" describing a disease, clinical state, etc 
Included in the goal statement in these cases is the instantiation 
of the abstract version uith the specific entities under 
consideration filled in. If a goal is a subgoal of a 
higher- 1 eve I strategy, the goal structure is also given. 
Tuo types of goals where assigned to each question, a 
primary goal and (uhere applicable) a set of secondary goals. 
1) Primary goal - The assignment of the primary goal 
represents an estimate of the principal purpose for 
asking the question through an evaluation of the most 
important medical significance of the data sought in the 
context in uhich the question uas asked. If there uhere 
clearly tuo or more equally significant implications 
that could be draun from the data, this uas represented 
as a mu 1 1 i p I e primary goal. 
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2) Secondari^ 1?°^*' " '^^'^U of tha qu«ftiont atkfd by 

th« doctors uhere noncomnitta). Fpr aKai^laji Most of 
tha doctors asked "Uhat ure tha vpluas of tha ranal 
function tests?" even uhcn thau stronglu suspected that 
the values Hould be elevated. Even though they uere 
directed to be as specific as possible in their questions, 
they tamlad to ask questions that uara v«*u broad in 
terms of the range of answers that could be given. 
It uas felt that the doctor had thought atxHit tha 
range of possible payoffs that could be obtained froa 
a question. It is, of course, inpossibia to be certain 
a poet i or i »^ther they did or not. Upon ratroapactive 
axaaination, aany Insisted they did have ttwaa thinga 
in nind. It uas felt in annotating the quaationa that 
these possible payoffs should be inducted in the 
fora of secondary goals. 

C. Methods - Associated uith each go»i is tha Method 

ueed to obtain the goal. The Methods can be direct 
or indirect . In a direct Method tha fi rating of intsraat 
ia asked for. In an indirect aathod tha prMiae of a rule 
that associates the finding of int«*est with the aoae other 
evidence is asked for. 
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D. ExMctat'uMi - If the doctor had somo OMpactatldh of 

uhat answar ha uduld gat to a tpiaation, it uaa notad. Thaaa 
axpactationa ara classifiad at strong^ aodarata, Haak or 
uncoMiRittad. 

E. Answer - Tha data suppliad bg Or. Kaaairar in reaponse 
to tha quaation. 

F. Result - To uhat axtant uas ttw priairy (piai Mtisf iad. 
To V4hat OKtant uare ttw i^ondary goals aatiafiad. 

G. Possibilitias list (PUIS) - The PLI§ (a list of 
hypottMsaa) is a raprasantation of tta dector'a thirrtiing 
about tha present illness of the patiwnt aftw Iwwing 

the answer to his question. It is by no aaane the coMplata 

representation but reflects the nost sinpiifieant 

part in tariM of the final diagnostic concliMions 

the doctor aakes. The possibilities list is divided into 

six partst CONFIRriED. SATISFIED, LIKELY, POSSIBLE, UNLIKELY 

and mJLBQmUT. Ihe first hypothesis on tha LIKa.Y Mat ia 

called the principal disease hypothesis (POH). 

H. Doctor's Coiwwntaru - Any reasons or eKpi«iation 
eupplied by the doctor. 
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2.2 Analysis of Protocol 1 

Many of the discoveries made about strategy are best presented in the 
context of an analyzed protocol. The protocol that is presented here was 
chosen because the doctor exhibits a wide range of strategies and touches 
most of the important issues that the particular case that uas used raises. 
The subject is a Fellow in the Renal Department of the New England Medical 
Center. 
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Initial Prgsentation - This Is a 57 yaar old ladg i^o is baing dischargad 
froM tha hoapltal aftar a thraa uaak hospitalization. Juat t>af(M>a aha cana 
Into tha hoapltal har ccMipfalnta U9r9 nauMa, voalting, «>doMlnat pain and 
fraquancy of urin»tloi». 

Initial PoaalPi II tlaa List - 

Confirmadi Nona 

Satiafiad t Nona 

Likalu > Acuta pyalonepN-itis (/^} - POH 

Acuta lower urinary tract infaction (ALUTI) 

Possible: Chronic renal disease (Q^) 
Chronic renal failura IGPf) 
Acuta GI diaaasa 
Chronic GI disease 

Unlikalyt None 

Rulad-outi None 

Initial Cowwehtaru - The initial presentation is a set of findings that, 
even before interpretation, has a fairly coa^jiOK struclura. Tl« aynptoma 
of nausea and vowi^ing are specifically GI but conaoniy occur In nany foraa 
of renal disease. Abdominal pain is too general a fimiing to refer to any 
particular organ systen uhile frequency of urination is a very specific 
urological syaptoM. Acute lower irinary tract infaction ie a raaaonabia 
initial hypothaaist it Is activated by the urinary frequency. In 
addition, wonen we twice as likely to {^t one aa Man. ALUTI by itaelf la 
not sufficient, however, to explain all the syi^toms known thus far. An 
acute urinary tract infection (AUTI) can start in the lower urinary tract 
(bladder) and retrograde up the i«*inary tract to infect the kidney and 
produce acute pyelonephritis (The i nf I ana tor y reaction and interatltial 
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lesions of the kidney due to infection). AfN is noriiiflly used to refer to 
the infection of the entire urinary tract including the ki|jney and bladder. 

Because APN includes the findings of ALUTI af f| principal-part (a 
principal -part of a dissass is a subset of related findings of the dieeaea 
that is vlaued as a distinct clinical unit), it it • bfttar hypothasla and 
could explain all of the knoH synptpMs if thf foJ loning are trust 

1. the abdoRinal pain is abdpainal flank pain 

2. The onset of the synptoas uas sudden. 

3. The duration of the ^H^iOM had been fairly 
short. 

4. There uere systeMicnanffsstations of infection. 

Another factor that the doctor must take into consideration ie the 
length of the hospitalization. Noriafly, uncoMpllcAlad acute 
pyelonephritis is treated uith ant ibiotici and clears Up uithin a ueek. 
The patient uas hospitalized for a period of thrmi ueeks. houever. Thie 
uould nake the doctor suspect that either the Illness was very eevere, 
resistant to antibiotic therapy or that the pat isMt had nore problene. 
specifically, soiie chronic condltiwi 'fiuisf it if reatonibU for the 
doctor to hypothesize as possible a chronic renal disfas^ that is being 
complicated by an acute urinary tract infection. It is a fact that Many 
chronic renal diseases make a patient eore susceptible to urinary tract 
infection. In addition, certain chronic renal diseases can lead to chronic 



PAGE 22 

r«na1 faUuri for uhieh nauata «id VMltiiig irt R^ tymptoMs. At thia 
point th« doctor can not ruia out tha poaalbHitu that ha ia not looking at 
a ranal proriilM tHit a GI problaa or a oMI»iha^ rmm\ arWl GI probloM. 

Question 1 - How long has she had thi nausea and voaiiting? 

Data Requattad - fXration of tha liauiifl and viMiitihg. 

Goals 

Priwaru - Diacriajnata Acuta wa. ^onic liliiaaa fif^^f oal 
to Explora tiM-pattarn of tha iflnaaa^ 

Secwidaru - 1. Conf Ira syaptoa tiaa-duration ooapowa n t of APN 

orototuMi ^^|B^^^ o CanlJra arfaaBJaai-tcartt ayi^itoM 
t4i»a-»att«m o» iffW arotatiawi aiilMttal to 
Conf I ra APN pretot|ipa aMbo eai ^ ^^MN^ '<* 
APN aufagoal to CenflraHI. 
.2,..EMplor#^. thf;«j|ad,:l|r^li«M^i-ta-|f9it#fift ff 

a clinical condition M^t lim tm_ OMa a d Dy a r^iortad 
si^t^toiM eavare, ahert-tara i^aaltlng can eauaa dah)^ation, 
alkalosis. 

hethods - fj Indirect i The duration of the nausea ft vmiting 
I s-StietMt i va-Ey i dw)carl^«> the .dtirat 10(9 e;f . Ihe . i 4 ^ 
Sli Blr«:t. 

S2v indiractj The dMrn§Jo^,o|,theiia^iaa l.vpai ting 
la-^A-Sugt^ative-Measura-Ol^ ths tlkaMhood of d^tudration 
andif^ ialkalpaia* ^^ , 

EKpectation - Hoderate : Less than 2 uaeks. 
Strong J Lt)»» thiPn 3 UMki' 

Answer - She had the nausea and voaitluB f or thraa Miaka balora ecMing into 
the hoapital. 

Result - Pj Partial ly satisfied 
51: Satiafied 
S2t Partially satisfied 

PLIS - Unchan^^ 

Doctor's Coatwrntaru - The reason for the first cNaaiion la to gat a tl»a 
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course as far as the patient's illness is concerned. 

CoBiwentaru - The strategg chosen bg the doctor reflects hie decialon to 
first focus on the acute vs. chronic characterization of the itlnese. As 
a method for achieving the goal he uses a heuristic (indirect method) which 
says that the time duration of the symptoMs is a good indication of the 
"acuteness" of the illness. The sykptoMatic duration (of tha nauaea and 
vomiting) Is just consistent uith an acute process and is suggestive of an 
underlying chronic process; for this reason the primary jjoa I ie only 
partially satisfied. As a part of the strategical dacieioii, the doctor 
chooe to aek itoout the duration of the nausea (ind vomiting rather than the 
at)dominal pain or the frequency. This can be explained by the follouing 
argument I of the three reported symptoms JfT^u^^a;!^^ S** lini^sd 
together) the patient uould have iimst likely rttMfMberad uhen the nausea and 
vomiting began since this is a very distressing condition. Another 
important reason for choosing this symptom is that by itself, nausea and 
vomiting is a serious condition if it hit occurred for an txtanded period 
of time. This relates to the secondary goal of exploring the need to treat 
such clinical conditions as dehydration (uith resulting loee of renal 
function or even damage to the Kidney), acute weight loss or metabolic 
alkalosis that can result from an extendsd period of nausea and vomiting. 

There can be no doubt that the doctor was a ifp thinking of whathar the 
symptomatic duration is consistent with his principal disaasa hypothasie. 
This is reflected in the assignment of the first sacondaru Ooai. This goal 
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is a subgoal of a higher- live I strategy that the doctor has Invoked called 
case-bui IdJnp . This strategy is invoked when the doc t^ uishes to confirn 
a hypothesis hw views as likely. (See Section 4.1.2,1 for a ctetailed 
deecription of case-building and its variants, ) The particular variant of 
caee-buildlng the doctor is using requires deter«lnlnfl if the pro^tupa of 
the principal disease hypothesis Matches the patient's find|iifl». (A 
disease prototype consists of the signs »nd syiHitoiKs that a doctor would 
expect a patient to have if the patient had the disaajpe*) This is 
accowpl ished by setting up as sutigoals th» conflrisatlpn of aach coiponant 
of the dieease protot^je. For tht hypothsais of,AM4 tfe» gpal-traa la the 
following: 

(GOAL (CQNFJW1 APN) 

(xo ffmm my imE^mw m) 

(JQ,imk9I^MJm.Mmm, (f^OTOTVPE APNJ) 
ITO (CirnW (I^TtlTVPE IIWJ) 

urn i(mm um-f'mm 

(TO (d»JFlflft TItt-PATtiRN) 

(ANO (l^m l«WIO^ U (3 UEEICS} ) ) ) ) 



Question 2 ^ Old tNi nausea and vomiting begin t>ef ore th« fraquency or did 

the nausea and vo« I ting occur after the ire(|kJ(M^a.nilct occurred for several 
days? 

Data Requested - Sequence and relationship of synptoi developaent. 

Goals 

Priwaru - Olscriainate GI etiology of syeptoas frpa 

ren#l ettol ogy subdoal to fewplo^i organ-^steig 

of disease origin. 



, -e-WMj^tS?!**?^^-".' ''^ 
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S«condaru - 1. Conflrin sympto* on8«t-p*tt«rn of ^ prototup* 



APN «ui3ooa1 to C«M-5uTTd^p,^M|i|^C# 



^ )typ« 

^ _ ''' 
Conflrn W^. 

flothodt - Pi IndirtctJ Charactliriz* th« ti»t ««<|u«nc« of 
BUPfiitQii d«ytljq(W»nt. 

Expectation - Strong: The nausea and voMi ting »\d the 
frf(^nc)y|jaufscuted ttltbin a f«M (U^.pf . 
•ach other..'' ^, 

floderatei Ifm frecpiencg preced<bd the 
nausea and voniting by a feu days or 
ppth. ;«yilfr|jt»|i|.,^ccMrf td. J^«^^ 

Angi^ - The ocfacr^«nce Mfte^,pr«tt||^ ttuch aii^Jtanecme. 

Resul^, - Pr P|tt*tlaJly satisfied 
SI: Satisfiid 

PUS - UnliKely : Acute br disease 

Chrmiic GJ disease 

Doctor' s CoiMiantaru - The reason for that ijMMtlon t» to, tr^j tP ?»%t»r«ilne 
IiSefe iS iSiga^a nd voeltlng is the prlMry prob I e.. trying tb ee* uhieh 
caise. first itfKJMKii* It J^N»^tj|«gr^,l^^ 

Cowbentaru - This question is very coiipTex in terie of t»Mi kttid of 
infor*at Ion that could have been di^a^reid^ the"clefc tor ei^t have been 
given many different ansuers, each one of uHTch Mwfii flave a dfffeirent 
interpretation. The doctor's prleary cor&ern here, howe ie to 

determine the etiology of a conHsIek of et^Vcaw fr^oiiiffiurmitwrQWx 
systens. The first step towards achiev I rnj this gpir is to deteriine which 
organ systen is respohslbVe. In orckfe^ to'put ^iei^ 
consider the range of intprpreta^i^wa If tl^ #rt«,p? hl4 J^ ^ 
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nausea and voniting had prsceded tha frequency by ung daya* 

1. An tnd«|30rtdent (or unrelatMri $1 |Ne«laN«M 
and urologies^ preiMea devaropM at "ilMiMt 

the sa«i« tine. 

2. The origin uas the GI system (fn infection) 

3. There uas a cN*onic renal dliMriNMr ifHt^ tfa*«^JIopad 
into chronic renal failure and predi^ IMr 
urlnar|/| tract Inffcticm. 

4. The ur1*lry* irict Tttficflwt iaiva*t^ the 
desceiulinj] (blood-borne) routjB. 

The hypothesis of irideplimtenr pr^ob^RfM'^^^ in tuo different 

organ systems at iH»l3Ut the tam tiisa is m^ttihirai^^ I1k4»^l^ Most 

doctors. Doctors use the principle of t^%iliiii^ :i|f cWaiildirlhch 
explanations for findings. This prlnciplejpape that the si|i(^l«st 
explanation should be cons i dered Wf ors a'«i:^i caiN>i«M SKplanation. 
CletMy, a sat of indapandant (unralatwcb priibtM^fv fwt tlw «{«i»4«tt 
explanation. The doctor did not expebt to hear that tKa hauaaa and 
vomiting had been a chronic condition for ^v<ral |K|rvths (or ypM|ir|ir, If 
this had bean t|»«| cass he prpb^lg would hayp <aii(t«i f<r ,*N» G| susitem as 
the cause of both symptoms. The fa(:t that the onsat of »)i thf Jijiqitoms 
uas simultaneous is consistent uith his pfincij^al ftlsease hj^potheeie but 
does not coiysletely rule-out a CI etiology. 



Ques^tion 3 - Along uith the frequency >ias there anu btw^ning on urination, 
-any ^dysiit*l«^' -^■■■^"■■'''^'^" '^ '■■'""■ '--■■ "'^'r^' 

Data Requested - Presertce of dyeut*Va t*rtBir\^ by trtr i»at lent. 



!."S»**|a«'*«^»^»'*'»"',-^' 
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Goals 

Pr i waru - Confirm princlpal-partt Bladdar irritation of 
^N prototupa yu^foal to Conflra prototupi> <IBN. 

Qethoda - Pj Direct: Oysuria II-PrlMa-Facta-EYiclfn^arFor 
Bladder Irritation. 

Expectat i on - Strong t Dyeuri a present. 

Answer - Yes. she did complain of some burning on urination. 

Result - Pi Satisfied 

PLIS - Conf irmedi Bladder irritation (of APN) 

Cowwentar^ •» The prototupe ?or bladder Irrltftlon/inftaMation specif See 
specifies freqdimeu or urgency and dysvrVa. Since thai frtquancy is tl ready 
Known, the doctor asks for idiat nou can be coneidered prlM facie evidence 
for a bladder irritatidnr the |M*eiehce of ^evrii. iHe dolrtdr fs now 
clearly focusing on tl^ prlncipaF dlsiass hypoi^sfs Ind ts atteai^ting to 
confirm it by conf irwlng each prihcfpai-part. 

Qqestion 4 « Had she gained or lost aeifi^t during tHtt ittitk Intai'vil? 
Data Biouettetf •> Amount of ueight-lois «* uClght^in. 

Pr 1 waru - PI J Explore the severity of the illness. 

* P2j Conf r¥#'* pr*irida«rii r^^jif^ tN-w week 

period of nausea and vomitir^. 

Secondaru - 1. Eliminate Acute GI problem. 

Methods - PI: Indirect: Weight- 1 0S8,I,s-A-Suggistl>»e-lTteawjre-0f 
Severity. 

P2: Indirect: Assess a flrMjlna. that hi IJ val i^late and/or 
support i previously ri^orlBid^ii^flrifli wifs^i-loee due 
to nausea and vomiting. 
SI: Indfrectt No uei(^t-lo|S I«-N^t!v|r^idince-For 



'f'i,' 
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Acute GI probtem. 

Expectation - ftediJ*lte! Melj^t-loii & - f B Ibi. 
Strong, t Any ueis^t-ioff. 
tteili r Sfljjhf weli^t-glln. 

Answer - She lost 10 lbs. of Meij^t in t^ %uo uff^i Jgef 0|re fdaieeion. 

Result - Pli Partially eatisfied. 
P2i Sitlified. 
Sit Partial lu satisfied. 

PL 1 5 - Unchanged. 

Doctor's Conwientaru - That is to assess, if you Hill the severity of the 
i I Iness. If fhe had gajnfd teveriJ muw|| ?jMr.l?|f Jthal^flfe .ypu MOtMld be 
much Mss rtkery to liineve the mreriatT(Ki IfMut"^ nau^ 
Whereas with th| ^0 ib. Hei9ht-l<^t...aQtlf»4roi, the,ai|Jt|«8t'« ^latory, 
that aakis 'that 'iibrl'berievlbfi;"'" .v i,.»... .-.- • 

Comwentaru - There are two points pf infireit jbout tola ^^tftion. The 
first is that 1 1 le tf:^ first,i«a«ple in tht jM^atocfl J^ fl^ a^Mltipla 
primary goal. The second but related |MjLctt it thaftKt.s|fis at If the 
focus has immediately shifted aMfyfrQmcafft-buUdlJKI for the principal 
disaaee hypbtbeeis. It is, in fact* jiot s^^jiii^ «:#^l|fc »*m thio^ 
broadening of the focut to include ano|>jv, at^peetfl tht flftjwti'f 
condition that is significant by itself and aiae provides som t«l«|l(inBa for 
the sufficiei^ of the principal di seaee hyiMtbef l# . («« an ai^fliiitTbn for 
the findings). In developing questions to aek, the doctor alttaye hae a sat 
of goals that he uould like to satisfy. Among them «*et 

1. Arrive at a satisfactory diairiosis 

2» Assess the need for immediate treatment 

3. Gather sufficient information to Jtejgin 
formulating a therapeutic plan. 



- - -, ?a^«s-^»v»r'-5^"'-'f^^'* " • - ■ 
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4. P^tlop a prognotit for ttw p»t1tnt. 

5. Oatarmint uhat furthtr inforMtlon ritadt 
to ba QathtrMi aa part of ti^«aiii(pMnt 
plan f<w^ tiiJri»^1aflt. ' 

In tha aartg atagaa of tha intarvlau/Hhaiv iost ^ tiilaa s^fa hava not gat 
bean aatiaf i^ a good atratagy la tr^ to aaVa lop i^aVloria that wight 
aatiafy aa nany of thaaa goals aa poaaibla. 

In tha praaant casa, uhila aavarltg la not apaciflcatly a part of tha 
prototypa for APN, tha doctor has a fairly good i<laa of ttw ranga, that can 
be axpactad. Claarly, a uaight-loaa of 30 Iba w acra uould Mka him 
auapact a aarlbua gaatfolhtaatlhai pirtrtilaa. It ahould tM r^tad^^t^ in 
ganarai. tha aabuht biF uaiight-loaa ia a glod Iriilcalor of hou acutaiy iH 
tha patiant is. 

Tha qiiaation also aarvas at a chack on tha da{M*aa of nauaaa and 
voaiting. tha dob tof> could havb aakad wwthar aat of cfuaationa in order to 
characterize tha degree of hausba «id voaitihg. The inf(>rMtion artiout 
uaight-foai. hbciaver. ii sufficient tb indicate a i eve I that i a conaiatant 
uith the raportad ttaa duratToh a«M ilio uHh ^iWi p^tnclpai diaaaaa 
hypbtheafs. 



Question S - Uas she fabriia or having bfiliyy aa^tibn* tihjring the three 
ueek interval batuaan tha tiaa of the grift t bf Nr^iyiBtoiif afHl tha tina or 
pr%aarltat1brt tb'^tha'^ho^itait" ■' ^^--^•--' ^. ..-sir^.... .. .^:,.,..:.. 

Dala Radueited - Prtaence of fever or chtHa. 
Goals 
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Prlmaru - Confirm prijnclijal-wwti %»Mll>4c •*i#«CP of active 
infection of fiPH prototype mjaoat to tmf ira 
proUttj^ ARi. 

riethode - Pi IrwrifefetV Fever or (£*tl IJi^ jejl^r^i.^u^^ 
Active infection. ' s 

Expectation - flocleratei Fever or chill* preeent. 

AnsHer - She eaid she had chiJIeput h«r Jte«»eriiHfeMi^*t, t«Mn. 

Result - P: Satiefied 

PLIS - Satlsftadt Active infection (of APW). 

Doctor' eCoMientw^^ - I «■ trying to wtfbJIfh Hhethtpor not thie l» an 
t hVflit i Que HI e#lai. 

Cowwentaru - In thie qviestion the doctcc h»e ret^rpejj.j^^f^^^^^ APN 

prototype ae his prii^y goal. An essw^iil fe|>|urt ji ^ I* |hfl 
produces systeaic findings associated uith an active infect i^fuch as 
fever or chills. This is normally rwt the case fjfM* M|f»ita j^ 
infection that is reetricted to the Ipt^r- i^rinfry tript icyatltlf), Tha 
fever associated with APN can be qgitf high U<»i -48!) a(|d CfojMi a 
serious condition in an older person if \t haf per|l||f«| ffr thv lfWP*h of 
time. It if quitt poMlbIa thara il «0 ordtf-JngeprH^f^al^ 
conf iraing each principal-part of the disease prototvNia< tba aqra aarioua 
and potentially health- (or life-) threatfning fyn? tout Ufa aakatf about 
first. This wv Id tend to fhoM thft even ifi4|agP0*t|^HgaMe jbha 
fundamentaf concern df the doctor' is focMf|d'^ ^^jHefl-iialqg of ihe 
patient. This Kind of subtle (but dfaoQs|{*abi«) t^j^tegi.9f|l chalca mI II 
probably have to be enbeded into a present i lines* prograa for it t0%a 
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accept9ble to the medical profesaion. 



Queetjon 6 - Along with the c^^euria anjj the frei||iifwii Hire there any 
•pi •odea of srois tvmnaturia uh^r^ sh^ t^Hi«^d1l»t(^ or^iirK uriha? 

Data Requeeted - Pretence of grote heaatiu-ia (obeervttile bg the patient). 

Goals 

Primaru - Pj Elininate a coBplication of the WIH t- APN)j 
Hemorrhagic cgeti tie. 

Secondaru - Sit E^fp lore diseaeea that fr» cOip] iJ^lM^d by the RMi 
Cfostruction/renal tuMor, ranai calcuii. 

Methods - P; Oirectt Absence of gross hematuria Is<^riM-facie> 
Evi4ence-Ag«inAt Haaorrhagie «((etitia. 
Sis tifidirectt Gross heaatvrla 1s-Suggestive-Evidence-For 
Ob8trMCtion» ren<%l pftlculi. 

Expectation - floderatet No gross hmaturia. 

Answer - Np. 

Result - P> Satisfied 

Sit Partially satisfied. 

PLIS - Ruled-outt Hemorrhagic cystitis. 

Comwentaru - There are a nupber of poasible inter|:|re1:9tions of this 
question. Uhile the focys is still on the PDH it J^ not complete! yd ear 
whether the primary goal is part of case-bui Idii^ or elipJnation of a 
complication. The reason that elimination of hemorrhagic cyetitie wae 
chosen uas that the doctor later told me that is uhat he had in mind. The 
absence of gross hematuria could be a component in the doctor* e prototype 
for APN, however. As far as the secondary goal is concerned, urinary tract 
infection is a common complication of diseases such as urinwy tract 
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obstruction, renal tumor or r«nal calculi. I#iilt thara haa baan no diract 
avidanca of thaaa conditiont, tha finding of aMcMirMl pain ia auggaativa 
and the preeence of jpoae heaaturia uoiHd birMinlv Hpvf aciliritad thaaa 
hypotheses. 



Question 7 ^ U»r9 there any epiamias of p^mVjt urina pr foul-aale4ting urina 
or change in the odor of her urine? 

Data Radi*aat«l - 1*rasene# of pywia or feu1-aiiellirN[| ikrt*1ne. 

Goals 

Priwaru - Confira princlpal-partj Kidnayifblwidar inf laaation 
of JifiH t^oitf\\gn jwM^at to Cdnf (Hi |roto.t|i0tt APN. 

Methods - Pt Indirect; Pyuria or fout-MwilIng urina !a-Supporting- 
Evi(tonce-For K i c»M^/pl adder infiaiiation. 

Expectation • flodaratet Pyuria or foui-sael ling urine present. 

Answer - No. 

Result - Pj Not Satisfied. 

PUIS - Unchanged. 

Cowmen taru • Pyuria is a key si(^ in the dlagwaia of a urimry tract 
infection. The fact that the patient did rrat (report dbairving either 
pyuria or its side effects (ths foul -smelling irina) is not disturbing, 
however, as i t can be easi ly overlooked by a patlwit. The doctor ul 1 i «ak 
about tha pyuria again uhen he st«»ts a^ing s^i iaboratory findinga. If 
at that time no pyuria is reported, the diagnosis isf APN mi;^t be in aoma 
fioubt. 
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Question 8 - Has there any history of pain In one side or the other, flank 
pair^ specif icaHy? 

Data Hequested - Preeehce of ftank pain. 

Goals 

Primary - Confirni principal -part: Kidney Jnflamition 

of APN prototype subgoal to Confirm prototype APN. 

Methods - Pi Indirect: Flank pain Is-Supporting-Evldence- 
For Kidney tnflanation. 

Expectation - Stronoi Plar^ pain present. 

Answer - She had had abdominal flank pain Iri the itast on ttie left eide. 

Result - P: Satisfied. 

PUS - Satisfied: Acute pyelonephritis. 

Doctor's Commentaru - Uell, I am not sure hou this is to bf played but uhat 
I'd be homing in on nou is the situation of the nausea^ v<^Iting, 
frequency, dysuria and flank pain as somebody with »cute pu#lo"#phrit!8. 

Commentaru - Flank pain (either unilateral or bilateral) Is ahother key 
symptom in the diagnosis of acute pyelonephritle. At this point in the 
protocol the doctor has finishing confirming the component of the acute 
pyelonephritis prototype that refers to fymptomatic history. It if clear 
that uhils he feels satisfied that she has APN, np py idem;*, strong enough 
to confirm that diagnosis has been presented yet. This evidence ui 1 1 be 
gathered uhen the doctor reaches the part of the (resent 1 1 Iness concerning 
physical examination findings and laboratory results. It is then that 
signs such as costovertebral -angie tenderness, pyuria , >^ita biopd-call 
casts and bacterluria ui 1 1 be asked about. 
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Question 9 - OK., ue'vt got nausta, voMiting. 18 pOMnd JMcif^t Iota, 
frequency, dyturia and at least left-tided flank pain. And nou I'M begin 
to question specifically for pys4^>neptf^i Us«. iitiliat^ i s H|»tl'4t>» ♦tiling 
for at the present tiec. Nou. I'd like te kncM uhether lifdre thie 3 Meek 
epiaode, before this acuta illness whether in the ptet ehe hae ew JNid any 
episodes of a slailar nature? 

Data Requested - History of si ai iar past episodes. 

Goals 

Pr i wary - ConfirM principal-event: Acute flare-up(s) of 

urinary tract inf«;t,i*p of q»N i^«iopwmt»J 

scenario subgoal to ConHra scenario (PH 

li^ieiJ. tTUse-bul Id^ CPM auboaftl. to 

ConfTri cPNt. 

Methods - P: Oir«ct. 

EKpactation - Ueaki History of slailM- past episodes present. 

Answer - Yea, she has. 

Result - Pi Satisfied. 

EUS - Ukelyi Chronic pyeionfphritis iCPW Uii,th f^te f lare-upa) 
Possible I Other chronic interstttial nephritis (Cn«) 

UnreJ attct,^Jipd^ ^J^AiJlTl 

Acute flare-t4»ji of dhronlc bacteriuria 

Chi-onic renal failure,, (DIJF) 

Cowmientaru - This question indicates that a nw phase of the protocol hae 
been reached - the patient's past aadlcal history. TH^ findings that the 
doctor has heard so far, uhite fairly convincing evlctence for an acute 
urinary tract infection and acute pyelorwt^itis, mr* also suggeetive of an 
undertying chronic condition. T>w length of the hospital Izat ion, the 
duration of the syaploas and the severity of Ihe niiuiea and voaltlrtg (aa 
Indicated by the 10 pound weight loSs) are all cluaa tn that direction. It 
le only at this point, however, that ha is ulil ing to specify Mre 
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precisely what chronic renal diseases «ight be present and c«Miit hiinself 
to pursuing one of them - chronic pyeloniphritis. The strategy he chooses 
is another variant of case-building. The variftit h« Mti4#«fora uaa 
applicable to acute dissasss and only involvad cpnfi»;iilr^j the disease 
prototype. In case-<bui Iding for a chr<Miic 4Jis«as« an»th«r jBomponent must 
also be confirmed - the de va I opinen ta I a^enar to (See %<:ti_on 4.1,2.1). One 
common scenario for the development of CPN spscifias that the patiant 
SKperiences a number of splsodes of acMt« urinfry tract infection over a 
fairly long time period. This is genera Hy not due to reiirfwtiori by new 
organisms but due rather to acute fiareT«#f Of • long-etanding, chronic 
infection. It is entirely possible {an4 al»o quite common) for the patient 
to experience both unrelated episodes of acute infection or acute flarf-upe 
(of chronic bacteriuria) ulthout ha«in8 CPN,, It if aiao pof»ll»l» for the 
patient to have another chronic interetitlal disease thai elmply 
predisposes him to urinary tract infections, CPN Is one of the moet 
difficult diseases to ciiagnosis based on a, patient's «i«*rent symptome and 
requires knoMing facts about the patient's iwdical history. This 
consideration leads to the next question. 



Question le - Does she Know that? Can she tell me whether ehe's had one. 
tuo, three? Has she been hospitalized here before or eieewhere? 

Data Requested - History of previous hospitalizations. 

Goa I s 

Pr i mary - Confirm a body of reliable information on the 
patient's past medical history is available. 
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Secondary - 1. CcMifirn simHar past epi^sodas uara serious 
afiough to raquire hospitalization* 

Hfthods - Pi Indiracti Past hospitalizations It-EvidanQa-For 

A«tt i«e^rt i tu of ra li ab la pat i anft rnforiiat foM (heap i ta i raeorda) . 
Sl> Indtracti Past hoapitaiizationa .fa>^u|B9»atlva-fyldipc«-For 
Pm^ i^iistMfea bairig sartous. 

EKpactat ion - flewHiratai At least one past hospMaltzation. 

Answer - Siie hii in fact been heapUaltsad iMfore. In fact her first 
hospital ization was for a Kiilne^ stone. 

Result - P» Partially satisfied. 
^It f^tiawy 8*ti»fi«d. 

PUS - l^Htafyt cm (Mfth actifte f*are-upsi. 

Possible! Kidney-stone (past) Caused-by UTI 

<idhily^*t«1* trecik*r**ce^» (¥)«rfl» 

Other CIN 

CflF Catiee-^ tPH or isrther dll* 
UnliKelyt Unrelated episodes of MiTI 

CotBW»>tarti ^ ^h9 doctor It^rnad ft** liii»^t«ht'MBfeta lll^' ^iffa <H»at1on. 
The firft i« thtf s»«e fnd#«d was ^HWprtaW]^ llwi^f^W tlWa^ %& 
second piece of data, that t^ f1i-it *ilfti:?il*Wyal1d*r tiia fW- i Kidnay atone 
wae free fn*or«at^ ort. Wi s wtt ^ ^r^w^ W'liil %MWiiRhflif ilFb<cedi«-e. 
(The primanfl i!*#Kerr» of the (*»etO^ Iff lbiciw^%»ft( 1^»#¥iiil 1% to e#e l f 
reliable Inforaatlon about the f#tfl»»tNr^ii¥ Aliiitt'hiitlDh^ 
available.) Ttwmsuer he obtained, however, while donaiatent with a 
chronic urihaf^ tract infection augi^atf'a few i:ii|4,f^4>^,tH«at«i Ciert«in 
kinds of kidney stones (called infection tttonefjl . <rf forned aroMnd » 
nucleus of bacteria associated uith a urinary tract infecti<»i. KijAney 
atones in general, however, aljio i»r #181 jrt»if! *l»t|»MW ^ having further 
urinary tract infections. These infections in turn can eauae the fornation 
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of nsH kidney •tonas. The doctor's rm> JiypolhMU if |h«t th* patisnt May 
noM be having a recurrence of thie cuple. The linked l^upot heel e of 
recurrence of kidnejyi etone and acute urinary tract infection could explain 
all of the knpun findings. 

Question 11 - Oo ue know uhich side that uas? 

Data Requested - Lateralization of past kidney stone. 

Goals 

PrJMru - Conf irw/Eliwinate sceharldHM'iH'eduiBltet Cohileteni 

lateralization of previous kic^y stone «id current abdoiilnal 
pain in tpjothesisi l<|(|^At|i^4remirf<Kiet> t* AUTI;) 
eubflMJ^ ,|> Ckmf Ira j^eniri#g|%^ 
T+MJTr) fubaoat; to Conf Ira/^l l«fnat%4«|«|ri« 4t«ie 
(recurrence) (♦ AUTI ) , 

Methpde - Pr Directt Expert Hitnees. 

Expectation - Moderatei Left side. 

Answer - She had had a kidney stomi 17 years before. Ue cton't know 
anything about that. Me don^t know jwhi^ *ide i||«| ^i^ 

Result - P; Not satiefied. 

PLIS - Unl ikelui Kidney stone (recurrence) (+ AUtI) 

Comwentart^ - The fervor with uhich the neu hypothesis uae original ly 
considered has been considerably daapened by the neu InforMation. 
Seventeen years is too long a period of tiee for the cycle to be hippening 
again with any reasonable degree of pririiabiHty. The lack of any 
information makes It very difficult to pursue even if the time period had 
been shorter. The alternative hypothesis of CPN is strengthained, however 
in an indirect way. The doctor has now estMlished a pose lb Je 
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precipitating eviant in the deve I opuenta I scenario. d^N fenjuirti that there 
be a long-stjmding, chronic infiction of the kidhegls). It te quite 
possible that the stone could hiv been associiated uith a urinary tract 
infection (possibly as the result of the cllrHcal procedure to diagnoeie 
and remove the stone) and that the uhole process began 17 years ago. 

Queetion 12 - And that stone wasn't anaiyzed? 
Data Reg u ps ^t e d - Results of stone analysis. 

Goa I s 

Primary - PI; Conf irw precipi tatihg-eventt Initial UTI in 

CPN dteve I opwentat scenw Jo Si^opal to Odiif ilNi 

scenario d^. 

P2t Confirm Kidney stcM^e caused^by UTI. 

Methods - PI: Indirect: Past kidney sfbne uas an infect ibn etone 
l8-Strong-Supporting-€vldence-Fpr initial, UT4 
preceding kidney stone. 
P2: Direct: Expert witness. 

Expectation - fidderatet Infection stons. 

Answer - Ue have no history of stone analysis. ^ had also been 
hospitalized 8 months earlier. 

Resul t - P: Not satisfied. 

PLI5 - Unchanged. 

Commentaru - The doctor would like to pin down when the chronic urinary 
tract infection (of CF^) started. If the kidney stone is of the type that 
results from a preceding infection, he would assume that t)M patient 
probably had bacteriuria for a period lon^sr than 17 years and the 
likelihood of CPN would be slightly higher. S(Me free information uae 
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given to tha doctor by telling hin that she hm^ » epii«o4e fi Hilar to the 
current episode for uhich she uasjHMtpitaJjzad & aorittM pripr to the 
current adaiisslon. 

Clearlu, there are other ways to find out i^twut a possible infection 
associated uith the kidney stone. I hypothesize, houmfW, that the reason 
this particular question was asl^sd is because it ip closely re ifted to tha 
previous question in that a; fsature of tha •iae f Inclinsi (or event in this 
case) is being askpd about. Anong certain doctors ^tiere. Is a (^ocl iyity to 
derive as nuch inforaation as possible fr(M (and about) the finding or 
event that is current Jy under consjdfratiof* ratNfr than "change the 
subject. " (See Section 3.4 for a dl|ycu«»ion Qf diJi^inAatic etyie. ) 



Clerical bridge - Di At our hospital? 

Kt No, at another hospital. 

Oi And «*e He able tip jpt those records? 

Ki Yes, they are <iNaJ,ti^iau l^aMrry 

I just found uhich side. Ituis the 

left side. 
Ot That uas 17 ysflrs. agp? 
K> Yss, that uas 17 years ago, 
Ot 8 Months 99^ fHfm ^e hospi tf jlzed for 

a Sim! lar episode? 
Kj That's correct 
Ot And do ue knou H|:^t|^r ahe Nid renal 

funct i on tests, ^C^fP PV^I tires and 

urinalysis done at that tilie? 
Kt Some inforaation is available on that. 



CowBwntaru - The sKchange above need not iTejuifiyZiid by the f<M'lial MS'^a I 
have been using. Itepii«^pose is siRp4y jtp estabjiah ^ fraaoHprk for tha 
next set of substantive questions the doctor uill ask. For tj^t reaeon I 
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call it a clerical bridge. It also gives the doctor a chance to think 
things over before co«Miitin{t hliself to a neit iihe of tfueetionlng. The 
doctor does learn that the stone 17 years ago was oh the left side. This 
strengthens his belief that the chreinlc irlharg trict Infection goee back 
at least that far. 

Question 13 - ttiat is the urine-cultire rei>ort^ 

Data l?equested - Uas the culture positive? Tij^e of 

bacteria. 

Goals 

Pr i wary - PI: ConfirM pr inci pal -event t Atute flare-up of 

urinaru tract infection of ^^^deveii^^itai 

seen^ier stibiioal toPCtfhflre ifeiwAriof CPW.* 

P2i ConfirM principal-parti Chronic bacteriuria of 

CPN p^etotupe st^ll to CohflFi Brotdtia^ 

subgoal to Case-build C^ st^tooal to C<mfJr« 

cpn" ;"^' ™- '^-''' 

Methods - PI: Indirect* Postive urine eul ture Is-^jpporting-Evidence- 
For Acute fiare-up of UTI. 
P2: Direct. 

Expectation - Strong: Positive urine culture. 

Answer - I don't have any urine cuitire report exc^t that the urine 
culture grew out e-coli. 

Result - Pli Par-tiallu satisfied. 
P2: Partial ly satisfied. 

PLIS - Unchanged. 

Doctor' s Comwentaru - The reason I an asking for that specifically 
Although ifl most patients iiith«>iiha1}»%bt« the 

overall renal function), first is again I'e aieing^for a presuRptive or 
sort of ipeculative diagnlosis of 1dM&hil«-|iirf«(*e0hri%1s®iml t wBirtiJ like 
to find things that are most strongly sug9estive fm* that pr nake that 
hypothesis enough. 
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Comwentaru - The doctor has ra turned to tha I ina of ciuMtioning that uaa 
atartad ulth Quastion 9. In ordar to conflra tha chronic UTI aaaoclatad 
Mith CPN it is nacassaru to ascertain if tha culturaa for paat aptaodaa 
grau aignif leant nuabars of l!*ct*ria and that thi t^^ of t>«Btaria^ <^ 
in aach apiaoda uaa tha saae. At thia Mnt tha daaor dtwa not y»i knoH 
tha kind of bactaria that grau out In tha ur»«* culttti^i ddni for tha 
praaaf<t apisoda ao this point cfnfwt ba chieka*. fhit la not tha crucial 
aapaet of thatfiagnoait, hanavar. It U qyita paaaibta that tha 
bactariuria of 8 aontha 100 Ms eura# (fha ettttctraa^^baeMa Itari la.), but 
bacausa of undarluing CPN sha uas pradiaposad to rainfaction by a naw 
strain of bactaria. The significant aapact is tha apiaoda of AUTI itaalf. 
Nota that tha goal it partially latitflad ainca tha oultura raport did not 
atata whether the colony coynt uas significant. 



Question 14 - Do ue have a urinalysis? At the aaaa tiae I aa looking to 
find out Mhethar or not there itas iMy p||urt« or" wht^«B c^ifl la. 

Data RtBJWtect -PreewMie of pyuria. 

Goal* 

Pi^'Mru - PI I Confira principal-aventi Acute flare-^a of 

urinary tract lrt^f«rtld« of #N ^iivalopianti I 

scenario. 

P2j eenflwi principalHsirti dwbnie teactar^liiria of 
CPN prototype. 

Wethods - PI I Indirect! Pyuria Is-Supporting-Evidence-For 
Acute fiare-up (epieodeV of tlff.^ 
P2: Indirect! Pyuria Is-St4)portliHi-Evid*nca-For 
Chronic =i»actiMuria v : - 

Expectation » Stronot Pyuria present. 
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Ansuer • Y«s, there uere many Mhite eel It and red celle present in the 
urine. , 

Result - Pt Satisfied 

PLIS - Satisfied! E&isocte AUTI (3 wontfae PTA) 

Doctor ' s pfiMwentarM - 1 itnou she's had anss^sede ai..^9A. (e*st bae^«*iuria, 
that she's got both a positive urins culturs wrtd uhite celle and that ehe'e 
got a ur i^a^y t^fet in^eetaoi t4hiehi pp eeMfM yi^aa Mms etuee 94; her ^ipi eode 
8 months ago «nd which nay be a siniiw^ ^isode §o\nQ on ris^t now. I need 
to know t^e o tNpr p i ecM ^ol i nIorMftilM frsimS^ Mftttie ti§^ I niNfl > to know 
uhat her renal function uas 8 Months &s^ Mid I need to know Mhat her kidney 
x-ray, iooka I ike» i«liM»th«r iiMshas one^ikldnao. ,iiw£4#4Mkya$ Mtittlwr- one 
kidney ie uorking the other is not, uhat the kidrwye locrit like &nd uhether 
they art : (wirpejl^t^inlect ions >M s e >s eee«» ni^.»-'.-^og a - 

Cowmen taru - Sufficient evidence (for thie doctor) for a previoue epieode 
of UTI (i.e. bacteriwia) consists of a positive urine culture and pyuria. 
This uould satisfy a goal of confirning a past episode of acute urinary 
tract infection regardless of any possibis relation^ip to her current 
synptons. The doctor's hypothssis, houever, is that the tuo epieodee »n 
both acute flars'^^s due to the sane ii^oAic) infect ton. (Or 
alternatively, CPN predisposed her to reinfeetWM* poesll^ly »rth a different 
organ! sn.) It is interesting to nots that the doctor eeens either not to 
hear or chooses to ignore the^tct that h«M^uri«i Mas foiRid 8 months ago 
(This can only be inferad froe the fact that h» nakee no comeent on it.). 
There are tuo possible interpretations of this. The firet ie that eome 
degree of hematuria is consis^nt with AUTl. The other «MprJ ana t ion ie that 
doctors tend not to notice certain reported f i^lngp iurH«ee they have a 
place to "hook" the finding onto (i.«. some hypot|T|NlM|3that the finding ie 
elgnificant in). 
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Question 15 - What uas her renal function? 

Data Requee ted - Reported value of the renal functic^ 

teife - breatfWlwe cHMi^arice, Btlt or )#N 
8 monthe PTA. 

Goals 

?r rwaf u - PI: Confirm principal-eventt OeveJdfNNent of renal 
insufficiency (CRF) of CPN develt^inental npenario 
aufagoal "tdfednfiri iceria^^o'16H^^' ' ° '" 

P2: Cpnf inn principal-parti Decreased renal function 
of CRF WQftotupe sciooir taf iCi#f iri BTdttftke 0^ 
^ubqoat to Case-bui Id CRF si^itMyoal to Conflr* CRF. 

Secondary - 1. Explore the sever itu of the illneesi 
2. EKphore ttic stage or diN^f^f^Wnt of w 
chronic disease! CPN> 

Methods - PI: Indirect: Renal functi^ test decrfased 

Is-Si^ortfng^vidtrtee-^br renit J^sa'^fiefincu. 

P2: Direct. 

SI: Indirect: Renal function test I s-A-&iggestfve-^eastiraf-^f 

the severity of the illness. 

S2: Indirect: Degree of decrees* of renaT function 

indicated by a renal function test It-A-Suggtftivt-flMiura-Of 

the stage of developnent of CPN. 

Expectation - Strong: Renal function tost* ihdicati 

normal renal fMnction or eoaio dtgrta pf 
rena? irtsufftcleftcy. 

AnsHsr - The NPN was 51. 

Result - P: Partial ly satisfied. 
51: Partially satisfied. 
S2: Partially satisfied. 

PL IS - Unchanged 

Doctor's Corawentaru - That's an old recoi'd. \XtukX I learned from that ie 
that her renal function uas clp|e tP noripal or only sjightly Impaired* The 
normal Nf^ gois up to someuhere irocHid 4S. /^ tHat illi ttftoiri aha u«a 
acutely ill. 



PAGE 44 

Commentary - A chronic, degenerative renal diseaee such as CPN can 
eventually result in the loss of functioning renal mass cativing ttve lose of 
normal renal fimction* The final stage int the developmental ecenario of 
CPN is advanced renal failure. Of course this process can take many yeare. 
It is also true that even with the loss Qf one KleNi^^ and the p(«rtl||l 
degeneration of the remaining ene» renal function .qan remain at about 
normal levele. The doctor has really hat heard np definitive evidence ae 
to uhat stage of development the disease might have reached in this 
patient. Therefore* it Is important to differentiate between the etoctor'e 
goal and his SKpectation. If he had found out that the degree of ioec of 
renal function uas indicative of advanced rvn^J failure* his prhiary goal 
would have been iiore fully satisfied. The anstjer ha does hear, however, le 
not unexpeQtad and is consistent with ai) the other evVdenoe. 

The measurement of renal function that he Is given (the VPH) is 
outdated and ie normally not used anymore. That is what he meant ^by it 
being an "old record.* the only other disturbing factor is that an acute 
episode superimposed on a chronic condition tends to fle^lify the lose of 
renal function. Thus the relatively lou value of the NPN weuld eeem to 
indicate that the kidneys uere still functiohinj]. about normal and that the 
chronic condition had not progressed to the point of tlgnifipwit iosp of 
renal function. Uhile 17 ysars is not that unusual in the progreeeign of 
CPN to end stiges (In fact it might h^vf basn auch Idnger than than thie 
period) a shorter development period is more common. 
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Question 16 - And the IVP? 

Data Requested - Reported results of the introvcnoue pyelograM, 
a Kidney K-r ay. 

Goals 

PNiaru - ConfirRi principal -parti Scarred kidneys of^N 
prototype 8utaaii.*oConfiri«t|^gtoti^P?f^ 
Case-build CP^ maoal 'tS ConflHii CPN. " -'Mi— 

Secondary - 1. EKplore pernanent Itructuraf diMaj^ to kic^eys 
jaSSEIl to e^plgrf etf^us o| ori^ 
urtder consideratidh s^jteo^T to E>^1 ore level of 

organ/oryfn iyttHi fw^|]ep. 

2. EKpfdi*^e a predTipdeinohtd PMj irlniry tract 
obstruction. 

3. theTnite kr^f^y fltohi (ri(!^^ihci1lli 

Methods - P: Direct. 
SIj Direct. 
S2: Direct. 
S3j Direct. 

Expectation - Moderate! Scarred kicbwys, contracted kidneys. 

Answer - The IVP uas not satisfactory due to poor infiltration of the dye. 
It Mas repeated and there was only MYn fill l«)pi«'ai«se.M t^ left 

urinary tract. No signs of stone or othM* i^^afijitiae. 

Result - Pi Not satisfied. 

Sit PartlaUy satisfied. 
S2i SatiiYVid. 
S3: Sitiefiad. 

PLIS - Unlikely: Urinary tract obstruction (8 Months PTA). 
^Qfed-ouft KicHSey stone (reeorrence) . 

Comwentaru - The IntrOvenous pye1«><ra« can ^qyijki cn,ici|it dat» in the 
attempt to characterize the status of the kidneys. Aawng the things that 
can be deterMined (if the fVP jirocieduns is iucc^lful) are: 

1. The size and cohf igurattbh of the kidneys. 

2. An estimate of the level o,f refTf) fuQCftion. 

3. The presence of gross ariDnoritiTtiiil^^^st^nee. 
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4. Uhethar there ]« obstructioil or not. 

The doctor asked the question in a non-eoiMitfal style. He did not ask for 
any specific feature of the IVP. Fro* bis prsviou| 9QW|fnts, hp , | i i| v t it'.' , m* 
knoM that he is priaarlty intarssted Tn t4hefh(pr th« 1(lchfy« are scarred as 
the result of chronic infection. But cjtfrly, lincf taia can exipJora the 
overall status of the ki^eys. he doann't M^t t«^>f#^>ct the question to 
just that. The IVP report dO«| not MKNir ^N ^Wttl),^ of uhethar har 
kidneys are s«all and. scarred. It is BM9pe|(|,yp^of. sfM.dejK'M of loss of 
renal function (the ninieal appear«\ca of the cHiie} .a^ ||trtngi||^J»^g(|f^stiv• 
that the patient wasn't obstructsd (at least tota| i(^i9l|etr4«cted) at the 
time the IVP uas perforaed. 

Qu<i|stion^7 - Do imMi^Jf |bere.'wpfa ;JMork|^^s5f!,,, 1 1: 
Data RequestSjcl - Did both kil^eys «mh>«»' on tt^ I#. 

Goals -.,..,;,,!,", ■..'',■•'-'./.'::■:■• -•■■•■-""'' 

Pr i waru - Pis Explore prognosis rslative U the^^l|j,[, ^ , 
P2: Explore the STOSS configiration dF^|i|:pdnty| 
subgpal to Exp tors status of the pr iiPydr^ ayitaa 

orgin/orgaj ■^n^mr'mm- ll^f^# ^fPyWil^ ' 

iapairiMnt). « 

rifithodj. - ?U . Indirwt^^^ JPff^t pif j|^O^M^p|^|l|^?^|d|?jfe-FcK;^ . , 

a poor liM'eynoiis. /" «.,,,.. 

P2»JJr-ect. ,„.:„__^,,, ,_ .^,,.... ^. ^, ,^_,,, ,,.,„■.:..-/ ..,.,,, 

Expectation - floderatei ^th kidney9^prfian|.. 

Answer - I can't tell ypu thpt. It's not kn^, 

Result - Plj Not satjsfisd. 

Pli Ndt sattifTpd. " 
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PLIS - Unchanged. 

Doctor's Commentaru - OK, that's th« Inforwation I'va itmwx looking for from 
8 months ago, nou to get back to the present episode. I really don^t think 
I have any other questions 4t far as that acuta episode* I uould like to 
knoH some general infornation. Ue knou that she'»«cutstu IMi uith an 
illness Mhicii is quite similar to that uhic^ she had 8 month* ago and we've 
got some nice information that 17 years «bo she ^ad a stone. Ue knou she'e 
got nausea, vomiting, frecpjpncy , dysuria and abdominal pain. 

Commentary - There has been no evidence to suggest that the patient ie 
missing a kidney. In terms of possible thfri^y for CPH (uhich the doctor 
is considering as he goes along), the 4ba*nce of one kidney upuld be very 
serious. Nephrectomy (surgical removal of a kidrtey) ie pften recH<ired if 
serious hypertension has dsveloped in association with CPN. If the patient 
has only one kidney, transplantation might be the only option. Because of 
the age of the patient this option uould not be viabla. There has {baan 
some suggestive evidence that the disaase mi(^t be v«ii lataral. If this ia 
the case and both kidneys are present uith the undisaasad kidney 
functioning normal ly, the prognosis uould be aiich batter. 

Question 18 - Is she a diabetic? 

Data Requested - Blood sugar, history of diabetes. 

Goa 1 8 

Pr i mary - Explore a predisposition to CPN; Diabetes 
subgoai to Case-bui Id CPN. 

Methods - Pi Direct. 

Expectation » Uncommitted. 

Answer - She's not a knoun diabetic. The blood sugar uas normal. 
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Result - Pi Satisfied. 

PUS - Ruled'-outt Diabetes. 

Doctor't Cowwartiafu - What I wduld Ilka tio kmu It Mhathar thara !a 
artg th i ng tNit um\ df ptvi i apose tti 1 s 1 ndl vl chiil to havtrVg pyalortaphfttia. 
That was what I wf» Idokir^ ^r btforat Ihi^ ihi Iri^lyt bi d&ttructad on ona 
kltJttau or tha 0H»ai**S iont** afio. T *»oi^# Ifta- f6 liiw* Wi^thar aha la a 
diabetic, tfiic^ Ihaj^ iM'e iM»)««ili} aori MWi^tlfli^tlr'tn^tioh baeauaa 
of the disease or instruaentation and uhathw ^m t^as phanacatin for 
headaches or not. 



Cowwentaru - An coaponent of the variant of casa-buUdlng that the doctor 
ia using ia (fottrnining if tfNira are any aignlflaini ftfdiOri that uould 
predispose the patlint to gattVhg the dltMiia. rfoit dfl^tors uaa a uaight- 
of-evidence procatftire in evalijating ia l^/M^1« <8htMf'tiftfa^7^^ This 
Involvea adding up factors that support a hyiibthairti and subtracting those 
that ara agalnit it tFiCtors thaff ar« riu trail dbri» t co«iKi.). 
Predispositions ire "indirac^*ivi dance for a dllialtt or other clinical 
condition, thag caWnot be usad to i^^porta^hi»»^thasliuhrasi^ "direct" 
evidence for a hypothesis te^g. the chir^teriiitle f^dlHs^ Of a tflaaaee) 
are also prasent. It should be noted how quicklg li.e. hou feu questions 
UTB needed) the doctor characterized the previbuaapisOde and ita 
relationship to the curraht^^lae* Ihd hifc»bv«J dn. 



Question 19 - Does she take phenat^tlnt fibiis Ihe takb ai^irln containing 
compounds? 

Data Requested - History of Medication fcr headactws. specially conpounda 
containing phanacatin or aspirin. 

Goals 



.■'a^S*^*^!^^^)^^--" ■ .-^i' !"* " -> « 
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Pr i maru - Explore a prtdispositlon to CPNi Ph»njK»tln 
and/or ahatgasic abuse. 

riethods - Pi Direct. 

Expectation - UncoMMitted. 

An ew p p - The patient had taken 6 enpirin tablet* a da^ for 1^ uaara. 

Reeult - P» Satisfied. 

PUIS - Possiblei Phanacetin (analgesic) nephritis 
Papillary necrosis 
Urinary tract obstruction 
Graw-fMsgatlve (seiftticl" shock 

Doctor'a Cowwentaru - I'r sure it took a Itit lohgar to dig that infornation 
out than siM^ly asking, that tine around. ,Th«ra i a |fi increased ipcidanca 
of t nfesetldtifs di saiasa of ttie kidney par^tcili#*li| p^i H iHf hitrdislii in 
patients Mho take ifvcreasad apounts of i^MM^etin or^^fr^eti^^^^^ 
compounds. So that Mould irake«acohcii^iW1riV#t^^^i^^ not bnlg^hat 
she's got a urinary tract infection, Mhich I'd be epkilte sure of by thie 
tiMe ovin baHFore r d etehe ^a phj^fcai «^rti*i^w^^<^ but 

make me concerned that she night have p^lllary necrosis a^d night be 
slou^ing a f)i|>1W#ah<J blocking fi;«. %bitr^^^ the 

other. And I'd be nore concerned about this patient than another patient 
Hitf* it. 1 wultfei'* aek iiiy other c|ue*tr^lt^t^^ the 

physical exanination. 

Cowmen taru - This finding is one of the Itay findings In the dfat^oais of 
this patient. (The final diagnosis uas AW iupMrilipdMd en chronic renal 
disease, either phenacetin nephritis, ehro^ilc pyelohephriil a or both and 
chr on i c rena I fa i lura. ) Be fore d1 a^uati ng the IVitar^atiri i on of th la 
finding, consider the different methods thiait i#re uMti by tH« Other doc tor a 
in obtaining It: 

1. Through a revieu of systems in the section 

about history of medications (Protocols 4 and 5). 

2. Through a review of systems (focused 
on renal disease & h^rtsns I on) 
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asking about history of headachas. (Protocol 6). 

(It sliould bs pointed out that the four doctors who uncovered the finding 
of phenacetin abuse had established CPN earty-on in the intervieu as the 
most likely hypothesis for the underlying chronic renal disaase.) The Mora 
common route for uncovering abuse of a drug is probably not the one used by 
th i s doc tor . Ques t i one concern i ng the use of iMl«at i one are normal I y 
asked as part of a systems ravi sh. It is ad(4»l about here because 
determining predispositions is p4rt of casa-bui Idin^h tJN» atrata^ t*»« 
doctor is using to conflra his principal h«)otl[«BS is. Tha reason tha doctor 
says that it probably took longer to get that information is that patianta 
are sometimes very reluctant to divulge any hiatory of a»lf iiadlcation. 
The element of phenacetin abuse ♦ignif leant! yt altirf the doctor's 
hypothesis structurs. Uhi J e both CPN and flhenaceti^inaphritis are forms of 
chronic interstitial nsphritis and both can occur in the same patient at 
the same time, the developmental history Is noM clouded*^ A MMplax 
relationship can exist among chronic pi^l«i^:^Ui a, phenacetin naphritie, 
urinary tract infection and papillary necrosis. Tj»e dsflansratlv* •ffects 
of both chronic djsaases are cuamulative. It aj^^,!}* ia^oseJble even with a 
histological sxamination of the Jfsions in the kjdney to differentiate 
between a single or combined etiology. Uhile both disaaaa pradiiy»oaa the 
patient to neu episodes of acute urinary tract ir||s^tion, it is phenacetin 
nephritis that is indicated in the development of renal papillary necroeia. 
For this reason the doctor uorks umter th«JM«uapt ion that phenacetin 
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nephritis it present becjwse of the seritHisness of ptpillary nfcroeie. He 
ie prlnarily concwrned uith the posfibility. that eoM pl;ijMruction hae 
occurred as a result of sloughing a necrottzii^.papi N^. (ttyetruction ie a 
very serious condition in a patient uith an acute urinary tract infection. 
This concern is dfiionstrated in a partial way by. h|f decision to 
infsidiately jcptoi to the physical exaainatjon. 

Queptiop 20 - Uhat is her blood pressure? Pulse? TeiNperature? 
Data Requested ^ Vital signs on adaittipg physical ex^. 

Goals 

FTSSru - Confira/Eiiainato a coapllcation o^ «* lUTri: 
Graa-nfMtlye Ciiptic) sbo(^|i*|»al t^E)!«plor» 
iiMldllte treailHint statabal tbWTP'e'vtte eeverity 
of ttte ilinffs (h(^ acutely ill. is t^.pfltjent). 

Secondary - X. Conf irw principal-Dartt Systf|ii& eyjdence pf actJve 

irtfectioni t(i#er*lure > 181. of AMI (rbtotype eubqoal to 
Confirw prototui9e NPH sybfioal to.Case-faui Id ^N. 

Methods - Pt Indirect: Extreae hypotension + fever/chills 
Is-Strong-Supporting-Evidehce-For Graa-nes^tive 
shock. 
Sit direct. 

Expectation - Uoafci Evidence of shock. 

Ansuer - Her blood pressure is 148/80, lying, 130/88 siting. Pulse 88. 
Temperature 98.4. 

Result - P: Satisfied. 

SI: Not satisfijsd. 

PLIS - Ruled-out: Graa-negative shock. 

Doctor's Coawentaru - I aa going to ask a sort ojf AWfit^ phyeicttt 
exaaifiatipn raJtaiad to the i'^'obiea at iapuf fnd.ekiP tMnff;. Mhi^ uould 
need to be dof«s such as a nMir'o logical JH(aRlfiy|$i«{Us, I ti^d Ilka to KnoM 
uhat her blood iwaaaure is. If she uara hyi^tanalva onictaiiaalen to tht 
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floor uith pyelonephritis, grae-negat i ve thock hapivens and is nuch uoree 
and needs to be treated much aore rapidlj^ than soMAochu uho slnply has an 
acute pyetoniphrUlt whJch Is oft»W^^ri»t««r at A olHttiitliant.V.... laiFtar 
answer! QIC, then at least althou^ ttte tMip«rfttur« Is helpful there are 
some patiaitts utth gi^M^neovtlvi ahoeii MieSh MWdiMiA't f^val uho can be 
afebrile. 



Cowwentaru - In terns of strategy selection, the basts for for chooaing 
this question is the high priority Of deteralnlng tha n«ad for liMiadiata 
treatment of a potentially fatal condition. The posstbllitu of obstruction 
secondary tO pj^lllary nacrosis sut}i^l^^08ad dn Ah icute urlrMihf tr^t 
infection is uhat originally activated thi pdssi 61 II ty of tmstlc ^wck. 
UhMe the doctor Is fnare that this Is a diagnostic game, it is flmoat 
impossible for him to forget that he is a doctor first and remove himeelf 
from his normal daily concerns and routlnas. Evan though m\ elevated 
temperature is part ot the A?Nprototy|>i indcohf i rill hg It part of €«aa- 
building for APN It is clearly a mcondary goal. 



Question 21 - Does she have CVA pain posterially or can ysu feel large 
polycystic kidneys? 

Data Requested - Presence of CVA pain or palpable kidraiys. 

Goals 

Pf imaru - Confirm principal-partj Kidney inflamatlon of 
APN prototwje subcwal to Confirm |»"otatypf,APN. 

Seco^dar^ - 1. Explore a predisposition to N: polycystic 
kidneys. 

^athod - P: Indirect: CVA pain or temterness Is-Evidence-For 
Kidnf| Inflamatlon of APN. 

Sli Indireett Kidneys not pirf)3abli Is^vldance-Agalnit 
Polycystic kidneys 
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Expfcftfoip - Stronat QVA J?«ln or t«Hl«f^«P' 
. ffoaeratit Kldntys not pifplilt. 

Answer - The kldntys uar* not pilpablt. Sha h«cl (af t £VA twuicrnstt. 

RaauTt - Pi Satitflad. 
Sli Sijtlaflad. 

^J[£ - Unllkalyi Polyetfitie kte^Ui* 

Doctor' a Cowwaoti ru - Tha CVA pain uoulct aU^l^^ bf avldianca of 
PUelonaphrltis. Poiucyatic kidnay diaaaaa (mHIcH fa not auapactad by tha 
hiatoru) I iwuat aay iMuld aiaply ba anathar tblng that. cum pradiapiaaa to 

urinary tract infaction (aftar anawar) Uhich firat of all fita uith 

har hiatory and fita Intaraatiimly aoofi^ih.Hi^th t^t-a^^piia 17 yaara i^o on 
tha laft atda. 



Cowmentaru - Tha doctor is continuing tha casa-bui Iding for acuta 
pyelonephritis that started with {]uaatiAn 1. Aa tl^. protopo I aovaa froa 
symp tons and history to physical exaa and .finally to IpborAtory data, tha 
evidence available is mots objective (in the sense of providing 
incraaaingly Mora ra I labia tests of a hypothaaia). Refer I ng 1e tha 
Prototype of APN In Append Ik 1, Me can see that it la divided Into the 
three areas Mentioned. Confiraing the prototype requires conflralng each 
section. For APN, the physical exan section specifies that CVA pain or 
tenderness should be present. The doctor's coMant that left CVA 
tenderness "fits" Hith the stons X7 years ago indicatiM thst he. «ay feel 
that the p^lonephritis aay ba unilateral (or at laaat aora aavere on tha 
left side). 

The second part of the quest i on. about the possible presence of 
large polycystic kidneys, is vsry interesting. The hypothaai* that Dr. 
Kassirar and I uorkad out is that it is easier for the doctor to vieualiza 
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himsalf p«r forcing the physical •mmI nation tl^ta^^^ C|ui«tlont MNsond 
hand. Thus, ukmn hs sses hiassif SMMining ths flwrii waa for CVA pain or 
tendarnass, ha would almost autoaatical Ig paipata for iarga kidnaga. It ia 
Ilka a raflaxi uhila I'a thare I aight as uali f rrtd out iBout It ainca It 
costs vary littla. As the doctor rMrc^tisthara ttastMin nothing In tha 
history to Indicate the |»»esence of pwigcgatic ki*«^ia. 



Ckiastlon 2? ^ Does aha have auparpob k tandw-naaf ? 

Data Requastad - Presence of temtornesa over tha biadctor. 

Goals 

Pr\mar\i - Confira principal-parti Bladder Irritation of APN 
pf dtotyi^ subooal to CShf Ira pro*[itti|j# f^' 

t^^tfiodi - Pi IHd I recti Superp^lc ten^niss lii-ivft(artce-fer 
Bladder Irritation/inflaaation. 

Expectation - floderatai Superpubic tenderness preeent. 

AjTsuer - It'e not aentioned. 

Resu 1 1 - Pi Not satisfied. 

PLIS - Unchanged. 

Comwentaru - Superpubic tenderness is ^tionil. If pi'aaent, It is alMply 
supportive evidence. If absent, it uelghs little against the hypottiaala. 
The frequency and dysuria ars sufficient to conf iri ^ bfaddar Irritation. 
Again It's sinply a cass Mhere the data Is very IneKpensive to Obtain and 
the doctor Mould himself have checked for it hlaiiilf while conducting the 
physical exam. 
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Question 23 - Nou at far at apecifiq GI findinga, d9«t "H* ^va bOHal 
aounda, ^aWhind taridarrtaia OP not? 

Data Raqu—ttt ■- Prasanca of noraal bouai aounds, ikiaance of rebound 
tenderness. 

Goals 

Pr i waru - Elialnate acute GI diaaala. 

Method - Pi Indirecti Normal bouet sounds * soft abdomen 

I a-Strong-Suppor 1 1 ng-Ev I danca-A»ii ntt Acu^ 01 d i aaaaa. 

Expectation - Ploderatei Normal GI findings. 

Answer - The abdomen was soft with normal bouel sounds. 

Result - Pi Satfsfied. 

PUS - Rufad-outi Acute G! disease 

Doctor's Commentart^ - Me sort of neglected the nauaaa and 
vom i 1 1 ng. . . . (af tar aHNiuer) Ue sort have gone throut^ this aa nausea 
vomiting frequencg and dysuria but if gou go back to that nausea, vomiting 
and kiei^t lo«e you*d obvteiisty have to kmlp at Ivaift on one track of your 
mind that rather this being a kidney prob I w that ttrta ia aome acuta 
abdominal problem, ttft^ soft abdomen, nbriial bouel soun^ that goes to the 
bottom of the list, if you ui 1 1 and Ha dn continue d6un the stream that ua 
have been working on. So she has left CVA tenderness,, no paJpable kidneya, 
no comment w\ euperpubi^ tenderness, soft ttsdomen iihd normal bewat aounda. 

Commentaru - As the doctor has Indicated he has pretty Nwch gone along with 
his principal hypothesis and has ignored the possibility of acute GI 
disease. (He has thought this unlikely all atbi^ thduf^.) The best 
opportunity to rule-out acute 61 dissasr Is In th»-j^Ni^ie»i aKamination. 
He ia possibly thinking about audi disaatiaa as i^>|»ndlcitia or pari toni tie. 
A aoft abdomen < absence of rebound tendernssa) ai^ normal bouf I sounds rule 
these out as active possibilities. 

It is interesting to note the effect of a doctor* a specialty In 
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stratigg Ml*ctlon. The protocol ebtaioad f,fQM « oastt^fMH^diegUt i« 
a I Most r«v«f$fd In tha order of which tHM)Otha«lt jaite taatad firat. The GI 
epecialiet first explored and then eliainatod the poseibilitu of 
chronic/acute GI disease before going 9n to renal disaaae. 

Que8jyon_24 - l*»tt was her heaatocrit? 

Data Requested - Value of heMatologtc tastt heaatocrit. 

Goals 

P''''"aru - Confira/Eliminate aneeia strtwaoal to Conflrp/Elinlnate 
princlpal-eventj Oevelopaent of advtticed OTF of CPN 
develofMMntal scenario |iA|ual^^ tit^^^^ra clai«ak^)il«n tat 
stage CPN subooal to Con?Traae«MW^ CPN. ' ^^' 

Secondary - 1. fxplore the sever itg of the iMnnai. 

flethode - Pt Diractt Hematocrit lou ••• haapglobln low la-PriM- 
Facie-Cyldance-Epr; aneaia*^ 

Sit Indiractt iSagrae qf anaai« U^AivdbJactiva-tlaaaura^f 
the saver itg of the illnaaa. 

Expectation - Moderatet Heaatocrit near normal (37 - 47) 

AnsHsr - Her hematocrit t4as 28%, Hemoglobin 6.8 grMt. 

Result - Pt Satisfied. 
Sli SpJtisfied. 

PUIS - Confirmed: Anaeia 

Doctor' rCpffmynligur I woyld go to labora|oru J^fj^ipatlon hom. I Mould 
like to know nok a couple of things. I would I ike to know what her 
hematocrit, whlta qoiwt in«L.d4|fares^r»jl »Ri, J wi(^il cMia tis^knoM har 
hematocrit eia|> I y as general information to sae if bar hematocrit uaa 28. 
I 'd be concerpfd tl^, sbi haabeen ^a i^ipah|aA4»pMal^lKMigN»ua dan? t knou 
that yet) for a longer period of time or aomathing else la going on which 

"•J?*? """•«*•*'*•** " '•^••••<«ftfr a»aiJftl»Hrt!a>4n*fra»*lB0# Than 
In addition to this question of infeetioue acute pyalonaphritia thara ia 
more going on thaaua fre awaf e of » Tbfpa ire twe^gafiAbltltHa. One. 
she s got a eeparate reason for being anemlct we*ra golr^ to have to run 
down the evaluation of her wrtemia. «• sMondly the anemia ia pwt of har 
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renal disease and if it it. it's likely to te, due tp chronic renal failure 
Mhich i» odd because ue are t^ld thpt «h« ha4.r«tl«|ry|i4^ noma I renal 
function or onl(f^ s:tti|||htlu i|ip$i>red ren^j f4tnctl<^ ^^^M^iiNtfea aw* Her. I 
don't have ang aneuer for that yet. 

Comwentaru - The doctor has in sons sense opened up Pandora's Box uith thie 
question. Anemia is a cl inical cor^diiJoD Hi^ JUipy different etiotogieei 
blood io«0, fxeetsiva hMMol^is (ji;ia»^rucyt|on «>f rtd^j^lopci 6tl It) or 
impaired production. The anemia of C^ la aMOcitfeatf MHh {mpalrMl 
production but there are many other causes of impared production (foHc 
acid deficiency* splenic diserdersietcj. The doctor it facing the 
foiiouina dilemmat he would fnyyect to see some deigree of 4i^>alrMN%t of 
renal function} that uould be consistent uith either phet^etin nephri tie 
or CPN. It is the degree of renal failure iiiH)iied by the anemia as 
compared uith the measure of renal function 8 mcmths PTA that is 
disturbing. At this point in the protocol the doctor has started the last 
phase of questioning - the laboratory findings. He does not uant to throu 
out the hypotheses he has been working on and try something neu as yat. 
For this reason he puts aside the finding (does not pursue it using a 
differential diagnostic strategy) and continues doun the infection/chronic 
renal disease line. 

Question 25 - Uhite count and differential? 

Data Requested - Uhite blood cell count, differential breakdown of uhite 
cell population. 

Goals 

Pr i mary - Confirm Leukocytosis + Left'^shifted djflfrentiat 
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subooaj to ConfIrM pri he I pa I -parti SystMic •videnco 
o^ «etiv« infection af tm w4>tcfttiMf tubiioal tfll CJifenf trw 
prottrtiipi mi «u&ac#f to £§l#ii4ii1 1* IP Tf^tirt '' 
to Confirm APN. * ^.^mmm-m^^ 

Methods - P: Dirsct, 

EKpectation - Strong; Elevated uhit« count (leukocutosie) 

i#KJ differential •hifted-tb-^i*ft. 

Answer - 9858. 63% polye. 38X (yi^iheCu^ee. 3f iori6e. IS iosinophile. 

Result -» Pi PartlaHy satlefierf. 

PLIS - Unchanged. 

Doctor's Cowmen tar u - Her white fcountTil be e»«peet1ng td aee elevated with 
a shift to the left, because everything th«t I've heard eo far leads na to 
suspect *f*ere ivaii acttts ii*fec^lou«spNedie0^i.i iafftti' *^eiiir4 tNit ie 
not as striking as I toouid have expected, but doeen't eliainate the 
poesibi tity. 

Commentary - The uhite count and differential are two key signs in the 
confirmation of an active bacterial infection. The normal white count is 5 
- 18 thousand. With an infection the eKpectation would be that it ehould 
be above 18 thousand. But as the doctor has said a k^ita count of 9858 
while not supportivs of the hypottosis. doesn't eliminate it. Similarly 
for the differential. The expectation is that the percentage of polye 
should be larger j but the figure given is within tN appropriate 
consistent range. The laboratory-data section of the AWJ prototype ie now 
being confirmed. 



Question 26 - The next thing I would like to know is what har urinalysis 
looks like 

Data Requested - Results of urlnalyia. 
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Goal« 

Pr I m»r^ - Conf irn pyuria subgoal to ConfirM principf l-pirtt 

KItincy- i nf I aaiart twyWI^ protOtyM ifeittwaf to 

Confirm protptypa APN. 

S ucorKlaru - 1. Confirn urinaluala (aKcludira pyif ia) {§ 
Co^latiHt ulth#N iJMoif #fiiia4)uHtf 
APN. 

2. Conf Ira/El Vwinata (tata) dlF jyaicwirl to Ewlora 
OevalopMental stag* CPN/PhanMat t n naphr i t i fj. 

flat hods - P: Oiract. 
SlJ Diract. 

82: Indiractt i,ou tpaci fie gravity •*• ranal failiracfata 
la-Evidartca^r (rati) tBP'. * 

ExpactatiOn - Stromal Pyuf ta praaant. 

ttei^i|tai U^ cfata i^«fant. 
' l^i^t' 'ilinal' finiura''iBati |M^ 



Anauer - Spacif ic gravity t.01d, no at^iHM*i l-f lirdtath, acid raaction, no 
red calls, filled uith uhit* calls. 

Rasult - Pi Satisfiad. 

Sli ^thafftf Satisflad. 
S2j Partially Satisfiad. 

PLIS - Unchanged. 

Doctor's Cowwentaru - I aa again looking at thia apaclficaiiy aa an 
infactioua disaaaa of the kidney «id trying to find thinga fcr It or 

againat it. I MCHjId aKpect to see again, pyi«»ia iaftar anauer) That 

apaclflc gfavtty fita uitft atthar tncotitt rtnilf§U\MF§ isr i^tmt renal 
function depending on »4>ether she is dry or riQt. I knoM f^ c«i acidify 
her urina uhta^ i*rtn*t atwiirlsa aa^^j^ m^, 1 lUfew ah»J»%«i* nttia 
bit of protein in her urine uhich fits uith aoaa elwMnt of infiai|atory 
renal dliaase arttcf that tMr si^liant tl lolM^ tif#V yti^ «l^ ia 

again aoet consistent uith acuta I nfeotious urinary tract infection or 
acute pyelon^hritis if shs has flank pain aa uel I. 

Cowmen tar u - The urinalysis is one of the three ii^iertantaourcea of data 
uhen renal disease is the eentral f«ii(|ua. (j^ other two «*a »« Itldney m- 
ray and renal function tests). In soae sense the spirit of the axptriMant 
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uas violated by allouing the doctor to ask for the uhole urinalus'is rather 
than asking about each of its con^titi^t findings. It uas very difficult 
to stop this, houever, as this is the norma i fora for inquiring and 
reporting the results, (l^teaeJiiber thai %.Xa8tiJ?jar(^>ias8n^^^ the 

questions is also a renal ^>ecia|ist.) Rtgardliess of this, houever, it is 
clear uhat the doctor uas expecting to bear and hbu it fit into hie 
strategical plan. His prinary concern uas to conf jra. the coapdnent of the 
urinalysis that is evidence of ao^te infect iQr^_^Nl)ite eel Is or pyuria. If 
there had been no pyuria reported, the diagnosis of acute infection uou Id 
have been in doubt. As far as the secondary j}6ats are concerned, it is 
important that the other coaponents of ^ trli^l^^sie ire atonsittent uith 
the diagnosis of acute infection. (Consistent in this sense means that 
uhi le they nay not support the diagnosis* nejrtherxlo i^y argua againet 
it.) An optional component of this variant of case-building is to ask 
about the most common consistent findings relative to the principal 
hypothesis. 

Question 27 - I uould like to knou if organisms t4era seen unspun? 

Data Reque^ t^d - Presence of bacteria in unspun urii»e sediment. 

Goals 

Pr i maru - Confirm principal-parti Evidence of active Ut 

infection of APN protot{^ subaoal to Confirm 

.pr-qtotyp* APN.- - ., . ■ ,,,.,,;, 

riflthoda - P« Oirectt listeria iiauriMiS^UMnt J i?^ 
Evidence-For Active UT I. 

Expectation - floderate: Bacteria present. 



PAGE 61 

Answer - They Uere not seen. There U9re no casts. 
Result I P: Not satisfied. 
PLIS - Unchanged. 

Commentary - If the urinary tract Infection Is sti 1 1 acttva normal ly th« 
stained sediment uiil reveat niimtrciue bikrteria. Tharefore, the ansuer it 
slightly disturbing to the doctor. The confirmation can be mada on a 
quantitative urine culture (and was in this case), so the hypothesis need 
not be rejected on the basis of this finding. The finding is also 
suggestive (though not vsry strongly) of obstruction, aspecially if the 
infection is localized to one kidney. 

Question 28 - The next thing I Mould liHe to know would be> the level of her 
renal function. 

Data Requested - Values of renal function tests. 

Goals 

Pr i maru - Confirm/Eliminate (late) CRF su b g p^l to 

Explore developmental stage CPN/Phenacetin nephritis. 



flethods - Pj OTrectt Elevated renal function test Is-Prlma- 
Fac i e-Ev i dence-For Rena I f a i I ur e . 

Expectation - Strong; SI ightly impared renal function. 

Answer - BUN K. Creatinine 3.4 

Result - P: Partially satisfied. 

PLIS - Satisfied t CRF (late) 

Possible: "Severe bi lateral pyelonephritis" (a severe form 
of APN) 

Doctor's Commentary - That's enough to stop and make a tentative diagnoeis 
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and then begin to look for some other things. She' f got renal failure. 
It's acute in teroe of lonths, that 1« froa I mn the ago ti 1 1 tha praeant 
time, she's had a very ri^jid deterioration iR„ha|p;ffpa| ,|uijctlon, Arwl w« 
know she's got an infectious process going oh in Iw kidneys or at laaat 
everything is consistent with that. That degree of rapidity of renal 
failure over 8 months is much awre likely that I uou id expect to see in 
somebody with chronic pyelonephritis «id uould make me Suspect something 
super i mppsed, . a i tbfi? . f eyerf bj litaraf , pya I oqji^lt Ja a^d f one pctaiti at i ng 
disease, that could h^pen. Or obstructi^. Again, ue've got that 
hietory of phanacf^in ue'ye bf?n tpl(|j|boUt ape! pap|Macy pfN?rps|e» 

Cowmentaru - Again, some degree of impairment of rinal function uould be 
consistent uith tfte hypothesis of imder lying chrcmic renal disease. Uhat 
the doctor must now explain is the de;r«« of decline In renal function over 
such a short tfme. The actual fact is tfiat the iiiasUf-ement from 8 monthe 
ago uas not accurate and her renar f unfit Ti^ had beehmiich loner at that 
time. Uhat is concerning him now (and concerned hTi for the remaining part 
of the protofcol) Is the posstBI J Ity of obJitructloii riaulting from papi I lary 
necrosis secondary to phenacetin nephrjtis. If a papilla had dieloged and 
had obstructed one or the other kidney . this could explain uhat eaeas to 
be a very acute drop in renat fiHictidh. 



The analysis of the Remaining portion of the pfotocol mM t not be 
included here for two reasons. The molt iiportailt is tfiat is an answer to 
his next question concsrning kidney siza bg I ^, ha lias givsfli Inaccurate 
data. (As this uas the first protocol, ua had not disfcpvarad that the k- 
ray report was in error). The second reason Is that by this time the 
reader should have hid sufftcient iiposUre tb 'the anrH^tit!on teohnioues 
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that were applied to the protocols. 

In the next chapter I present a model to describe the strategies used 
in this and the other protocols. 



1, 'V?,,V*i?*»'-"i'r- il- ^-.T^ 
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CHAPTER 3 
THE STRATB^ IMHE flOOa. 

host theories of problem-solving Incorporate the concept of a 
strategy . By a strategy Mhat is Meant is a ptm that specifies a sequence 
of steps that uill (hopefully) result in achieving a desired goal. The 
sequence of steps that fore a plan is norMlty arrived at through a 
decomposition of the original problem into a set of siA-prcMilems that are 
considered easier in some sense to solve. The relationship batuean the 
sub-problems and the original problem can tM formally represented by an 
fiW/OR goal -tree. 

There are two distinct but closely related planning activities 
involved in taking a present ilinessi data accpjisition and diagnosis. On* 
plan is needed that specifies uhat to do uith each piece of data once it 
h^ been obtained and another is need that specifies uhat data to look for 
next. Diat|nostic strategu is defined here as the set of goals and methods 
that guide the evaluation and interpretation of findings, the formation and 
testing of hypotheses and the handling of competing hypothesee and 
discrepant Information. Data-oathering (or data-iwouisitlon) etrateaies 
determine the content, form and sequence of the questione that are asked. 
Since the focus of study in my rssearch has been describing data-gathering 
strategy, whenever stratsgy is mentioned it is meant to refer to this 
strategy. 

The model I developed to describs strategies and strategy selection I 
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call the strategy frame model (SFfI). The essence of the model can be 
stated as fol Ioms: 

^ strategy frame is a data-structure for 
describing a strategy. A particular strategu 
frame is intial ly suggested to the doctor by 
some feature of his ihteriiardlagnostiib 
configuration (IX), The IDC is the doctor's 
prob fern space - his internjai represihtiti^ 
of the external environment for the task of 
dfagnosis. A strategy frame eohtalhi a set of 
cond i t i pns of the IK) under which the 
strategy is potential tyaH»pliciri9le. If these 
conditions are met, the associated strategy is 
selected. 

The concepts underlying this modal have been influenced by the uork of 
many people; Minsky's frame theorg for the representation of knouledge 
contributed significantly to the theoretical basie. Kflinksy 74> . The 
application of fraiie theory to the repreNntation of ntdical knoMltdga by 
Pauker and Sussnan (later refined by Schwartz and Corry) uas a major 
influence. <Pauker 75>. Newell and Simon's work on the representation of 
problem spaces and Neuell's t^RUIN progrM also played a significant role 
<Newel I 74>. 

3.1 Strategy Selection via Strategy Frawes 

Uhat is required to apply frame theory to strategy selection is a 
representation of the doctor's problem fpace (which I have called his 
internal diagnostic configuration) such that clatats of configurations 
appropriate to the selection of a particular stratef^ can be identified. 
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In the ttrategu fraM* model, the IOC is mprwented by a sat of daacriptora 
divided into tuo basic componenti. The first is a coaponent I call the 
patient model and the second is the cirrfot Statait of the doctor in the 
diagnostic task. The patient aodel is a rtprfsfntftion of the doctor's 
diagnostic thinking about the present iUnass of tb« patient <SilvarRan 
74>. It consists of such things as a list of class! fi ad and ordered 
hypotheses. A tu>ical disease h|pothesis on this list is classified by 
features such as being acute or chronic, single or Multiple etiology and 
episodic or non-episodic. The list is ordered by likelihood. The featurea 
of reported findings are also included in this component. Included In the 
current status component are such things as the i^aee of the Interview and 
the strategy being used. 

The stereotyped objects to be "recognized" by examining the IDC are 
those configurations that are associated with the eel lb t Ion bf the 
strategies that have been identified thr-dtiiBh tfwi pr*btipcol analytla. Each 
of these configurations forms the set of conditlohe of ir sthatijiy iframe. 
For example, associated with a strategy of confirmation is a configuration 
that characteristically has a single hypothesis classified as LIKELY, uhils 
elimination is associated Mith thre* or more LIICELV hypothataa. Chr-onic 
diseases are associated uith a variant of case-building that requires 
confirming the disease's developmental Scenario. 

The methodology described above for strategy eelection Is related to 
the selection of methods based on probiw-qjace configurations found In the 
work of Neuetl and Simon, Hewitt's startotoaes <l^w!tt 7S>, Schank's 
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scriptB <Schank 75>, and Halhotra's ru8t/fti'att<;i(M) fray <Halhotra 75>. 

3.2 Constituents of Strategy Fra«ss 

A strategu frane consists of tuo basic coapontnts* The first Is a 
prototype uhich is a descrijstibn of the class of configurations that is 
suited to the use of the strategy. The sSCond conponent Is the strategy - 
a plan detailing a next step or sequence of steps In the present illness 
process If the prototype is successful ly Hatched, the ssicond conponent can 
be optional. 

The prototype consists of a sst of te r,i|lfi.|iJ|i 'as. in post frame 
structures. Each terminal refers to a specific fMtura of thtf intarnal 
diagnostic configuration such as the number of active hypotheses, the 
presence of a causal link betueen tuo active hypo thasts or if an 
immediately life-threatening symptoa has bean raportad. The terminal 
specifies a condition that must be met by the featire refered to. If thia 
condition is met the terminal has been matched euccessfui I y. Associated 
with each terminal is a score that indicates the relative importance of the 
feature to the selection of the stratsgu. A terminal caii 4I so consist of a 
logical construction formsd from AND, OR or NOT operators app I led to sat of 
features. Another stratsgy frame can also serve as a component of a 
terminal. 
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CASE-BUILO-1 tt • cenflrwtlwv •trtttoy that tt tr^llcrtjlt undw tht 
following conditionst 

1. Th« principal disMM h^tipfli (HM) 
it an acuta, tingla-atlology diaaaaa. 

2. Thera arc no other likaiu hypothoaaa. 

3. Absolute score of PDH > .8 
Ralatlvf aqora of POH > 1,0 

4. No CAUSE or (Xiaia^^ 

(PROTOTYPE CASE-BUlLO-r""'^"""'"^''"^""'"^'^"""'^ — — ^-^ — 

(TERTIINAL l«14*«»S iTRl.CQER) 

(TERniNAL HYP-aASIF 
((AND (ACP ACUTE) 

PCSDISIASE) 

cmnoL^WitEH 

(SCORE S))) 
(TERflfNAL HYI^^OI* 

am imm i > .8)1 

WS.SCORE (> 1.0)1) 
(SCORE 4))) 
( TERrtl NAL HYP-STmJCTURE 

'f'^ fOT iMNK-IYP|j?DHCAUS|-flF IN)| 

(SCORE 3))) 

(FAILURE-LINKS 

(rF (TOTLIK'2) (ACTIVATE mSCRtmNATE-11) 

III ?£ JfJJE-STAGEO) tolYATl aiElutLO-2)) 
^''^ ^.^^^HRONIC) (ACTIVATE (;A9E.-iyuiI-a)) 

(IF (fi^OL MULTiPie) (komWS^Mmramyy 

(STRATEGY 
((GOAL (CONFIRfl (PROTOTYPE POH))) 
(SUGGaflO.ttETH00S 

TJ'^!^^-^^^^^'^^ '^Y DIRECT-CONFIRMATION)) 
(ELSE (ASSESS (PRINCIPAL-PARTS (PHOTOTYPE POH))))))) 

Figure 3.1 - Strateou fra - for CASE-BUlLn.! 
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The strateat^ cowponent W«cifi*8|hi p I aii I otbetor^ o* an A>ffl/OR 
goal-tree. AssQciatfd uith each npciii of j^^f;(^M?tr|e M i| Jpoaeibly 
empty) get of euggeeted wytr^f i ^ e. Thes* ; «f 1tf>Qd| QfAfit^ l|« dlfect or 
indirect. A direc t itethod r^resfnts thf CQuverttf^ of the goa)* (through 
syntactic Means) into the forn of a gueat i on. An i ^<| ' ^**^^ ** ^^'^ ^^ 
either be the preeise of an IF-T>€N typf ruie er.a,r-tf,«r#nce to another 
strategy frame. In the situation uhcre |here jra, i^q f^ggastfd Vfthoda 
associated Mi th a goal, the (bOMnd) goal Mill in^^ f lil^^^ in 

order to select a method appropriate to the fin||inj|,or dlsMeeht^o thesis 
under consideration. 

Figure 3.1 shoMs an example of a strategy fr^pB for a variant of the 
confirmation strategy cal ltd cass-bMi Idlng, A(!peiidi|< 2 containi a listing 
of variables and the feature of the IOC to i0iph j|ip|) rffira. 

3.3 Organization and Operation of the Stratffly FjfMw %M^t«>i 

A strategy frame can be j|ct!vati|d by t|i« j^if^afrarMM ol » p9rtJcular 
feature in the IOC through tha tir|iinaJ&of tha lr|MW that sarvt •• 
tripgers. A strategy frams ci» Imi cwMiil<^«d «*»* caiEKlldaU^^ haa 

been activated. The framt. sj^stem ia i^raifged in avich « m|k^ howeMpr* that 
the majority of the stratesm framea ffm i»nlj,(^bs fjr^iv«tfd ttirough the 
suggestad methods of the goal-trea of a wc^aaafjwl lyrMatch«d« hlfhM'H ava I 
strategy. The suggestad aethodtj^ssocia^MI ultJb;^^h goa4 act |ka giAidea in 
filling out the details of the tree. TtMisa |atA] I 1 1 ^» cam bi nd toga ther 
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large nuMbert of ttrategy friMB fnto ccwv)iita •ub-ty«lMi«. 

If th« Mt of sugtfa«l«(] Mthodi MiHtafrti rifd"i»wit to dthar stratagu 
fra«a«, aachof those aag be adtrvated *H»H^«if6h itta«|ited. If auch a 
subfrane is also successfully latched, ttie assocfatad strategy replacee the 
original aethod Iw the goal-trei. Global tons t derations lire taken Into 
account by lapdslng conditional tests on tlfw seletition of a aeaber fro* the 
sot orf suggested aethods at isach node of the goaf-tree. In thle way 
overall control of the procass of strategy selecfl6h can be MfntaYnad 
Hhl la still atlouing ibrs local dotal I V of Ihs^configiratio^ to detemine 
lower-level strategy. This process continues until all the terminal nodee 
of the goal-tree »r0 associated with sit^w* a single direct or indirect 
method. The process of transfsririg gi<Aer Inforaatlw can be seen in the 
sample stratei^y frame uhere the phase of tl^e Interv^ eu^ f e ^aken fnto 
consideration. 

Another form of drganlisation Is i mposed tKrougH fa? I ure I i nke . Each 
strategy frame maintains a list of altsrnativs frMMS to activate If the 
termirtal-matcWng procedure iw not succ<^s1^r. (Tib tenifir^ I -matching 
procedure is fwt successful If a feiiirr msnttt^ed^ in tha pr^amiee bif a 
fai lurfr-l I nit rule doeenot exactly litdW^ the e«)cH1fion imposeeT In %te 
terminal it is a part of.) f acif fi'ami iMt il^ as an altw^natlve ie 
either an unresti-l cted alternative or Is ^feciated with * specific reaeon 
for failure. It^ ie important to nbte^here ttiat fai^v^^i liv this ci^ewt 
does not mean the fai lure of a strttlj^ to be idl^betlcilly pH^ictive 
after it haebeen tried, bui that It fails to meet iile«:tion1^<*>ditione 
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before it isj^iplied. 

The proceee of construct ing a etrategy fro* th* atrategu frmo9 should 
be viewed as a ford of progressive refinewent . lone fe»lwrf» of the IDC 
are more important m the selection «f »M"a*«W^**'»W^^^i» T"^* »•«»"•"=• 

of choices made in the process of constructing a complete goal^tree. from 
the higheet-level node to the leaf nodes, refltfcts this implicit hierarchu 
of features . 

3.3.1 Strategy Binding and Special Stratagiaa 

Strateou binding is the procees of r(H)lacinjB the (teetract structural 
elements (such as the principal-part of a disease prototyp#) nentioned in 
the goal -tree with the specif ic ^-.eferwjt" ^t a dV«B|fe^^#^ (e.g. Bladder 
irritation is a principal-part of the^ pr:<>t(»IS^.). A» an eKample, 
consider the class of diseases that havf «» a prlnclfwil-part the reduction 
in function of an organ or organ system. EKampfes of this kind of dieeaee 
include cirrhosis of the liver, KiMMlstein-Ui Ison dieefte and myxedema. 
In applying a strategy of confirMtlor* to aachof !♦*••• diaeaees, a ditaaaa 
prototype match must be made. A part of this matchiiHj frocedure speciflee 
determining the level of organ fwiction. Thiewwld be represented by a 
goal such asi 
(GOAL 

(ccyFifln 

(PRINCIPAL-PART (PROTOTVPE 01 SEASE-NAlt) 

(DECREASED-FMNCTJtON ORGAN^SSffiTEB) ) » 



.-vwiy^(!gl?'^SP^"-= '^^^ 
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Included in tha sat of tuggssttd MtNxit •••ociftiir Ul^i ^his {^) would b« 

^ (METManM&rnlcr. ■"■. 

Binding th« o«n«ral »trflt«gy ^ic^j^pc^ jp^j^l|^ <|J^j||W» |^tl;^yLri«ul t|i in th« 

fol lowing bowKJ »tratoqie»» 

((GOAL 

(^NFIfVI 

(PRINCIPAL-PART (PRWflTYPE CJfWHpSIS) 

(rCTHOO INDIRECT 
(ASSESS 

(/we, (SSPT (> 






((dOAL :' ■•— i..^- ■■■.■.- *- tv, 

(CflNFW 
Wifclm-PART ff»flOTOTYPr KlrtitSti JN-HILSOM) 

(AS^^ 

^ : ■"^fflttj"n»6ATi1lliNe'(>t.«)f'*"'^"-' ^^■"'" 

(BUN (> 58)))))) 
(((MAL 

(PRINCIPAL-PART (PROTOTYPE mxepU) 
(rCTHOO INDIRECT 

■^(isaess-'p" -'' 

(AND (PBI U 3.5)} 

' mmvtimrym 



This binding procadure resuits in tha construction of a stra^agu that ia 
tailored for the specific disease Mititu. undWT.cqfHi^rciirJttCin. 

It can be argued that experlcnctd ctlfitcllhs Mi thin a specialty tend 
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to see many cases that are verg similar both in node of presentation and in 
final diagnosis. A Fellou at the Renal Clinic at the ^MC estimated that 
one-third of all neu cases refered to them have unexplained hypertension as 
the presenting complaint. Hypertension is a disease that is closely 
related to a strategy called causal SKclusion (se«Ssction 4.3). It is 
thus reasonable to assume that repeated binding of a etrategy uith respect 
to a specific disease or hypothesis structure tends to associate the bound 
strategy uith that disease. A strategy^ that is retained and associated 
uith a disease ie cal led a special strateou . The vtrategy frame model is 
flexible enouj^ to »Mou special atratcgiat. The aw i stance of a special 
(pre-bound) stratsgy associatsd uith one of the currently active hypotheeea 
can be made a featiw^ of tlw IOC. A strategy frawi ia then added which 
essentially acts like # "tM/^-passer't it notes #«• preeence of a special 
strategy as part of its prototyps. Uhen this fraMs is activated and 
successfully matched, the suggested methods ui 1 1 point to the epecial 
strategy contained in the diseass frame (yhich can then be selected as tha 
current strategy). 

3.3.2 Is It a Realistic riodel? 

The use of frame theory to describs strategies in some sense does 
violence to the original conceptions of Minsky. Mills there ie not direct 
evidence for frame theory as an explanatory mechanism (i.e. a theory of 
diagnostic problsm-solving), it is possible to argue that it ie not an 
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unreaBooab la explanationi 



1. Through repeated experience in the proceee 
of taking a praeeni ilJfpep c{pi^tQra,ftev«lop 
Btrategiee to deal uith each posaible con- 
figuration of th© IOC* 

2. At each level of expert »9e. Mittvin a particular 
specialty the underlying knowledge base of 
Mctica) ««te poftiMi#ii«$i bi^^eiBc^ docter »•* t« 

a dote approxi nation, the tarn. 

3. Knowledge of strategy is an integral part of 
the doctor's i»ioMi«(^b«Be. 

4. It is unreaspn<rt>ie to jMoMM tt»t doe tore 
associate uith each individual diseaae and 
uith each pcnW'ibJtB groi^iirip'Cif tHaJMSBB a 
separate set of strategies. 

5. Therefore, it seens likely that to a significant 
ckKlf^^aa uhat <lte]HH*«ines. tl# ^^<«^i«iijD#^a 
strategy »9 the features shared by sets of 
diMaee* atid ^imliUfvanch^ttM cNimm* oef 
etructural relationships that can exist among 

■ .■ disease*. -- 



By features of diseases I Mean such things as the acute ve. chronic 
classification. Structural relationehips are CAl^, CCNH.ICATION, etc. If 
indeed doctors do key their strategy selection in part on theee featuree 
and relationships (and the protocol analysis provides some confirmation 
that they do) then the strategy frame model is not unrealistic. 

3.4 Diagnostic Style and the Strategy Frame hodel 

If it is indeed true that (at least four of) the doctore uho were 
eubjects have approxieately the same underlying (medical) knowledge base 
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(Mhich includes the knouledga of hou to t9k9 • prfttnt illnfti). hoM can 
th« difference* In behavior found In thf protocol* »» acpowitad for and 
Incorporated in the SFH? One obvioue aneuer Is that even thOMflh they had 
heard the same Inforeation, they had different diajpjetlcponflauratlone 
(e.g. different hypotheses) . If we assuwe, hoMever, that they had the eawe 
configurations this variation in behavior is disturbing. A subset of thie 
variation can be easily accountsd for by the ^H as it stands. Variations 
can be produced by assuaing that the choice of a node froM ^* aet of node* 
at a particular level ulthin the goal-tree Is a a free choice. One kind of 
behavioral variation that this can produce is a permutation In the question 
order ulthin a set of clossly related questions. This can be *een» ^°i* 
example, in a strategy of confiraatlon that calls for Matching the 
principal-parts of a disease prototype. The selection of uhlch principal- 
part to inquire about first can be aade a free choice (in aanu 
circumstances). Free choice could result in significantly altering the 
diagnostic configuration (and the resulting behavior) if a crucial fact 
that Is at variance ulth expectations Is uncovered at an efrli ar at iige. 

The choice of completely different strateglea (undfr tNi aasupption of 
identical tJiagnostic configurations) must still be accpunXed for within the 
SFfl. I use the term diagnostic stule to refer to the variations In 
behavior among doctors resulting from the selection of different 
strategies. It Is useful to get a feeling for what thl| Kind of variation 
Is Ilka, Some doctors sees to be more isgraseW* In puraulnp-j hypothaaaai 
they ask more questions directly re|at»$l to Its flna| confirmation at 
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•arller •taget in the Intervltw. In contrMt to th« "•a^y'otlv*" ■tui« 
th«p« !• a Mora "cautious" stuia. A doctor having this stgla tanda to 
aMplora aany diffarant araas ba^bra foct»alr»g in on hia pplnclpiil diaaaaa 
hupothaaii or hii aight IntaralK tha eonfiraatioMi quaatiena Mith 
axpldrttlonal quaationa. Thia kind of bahavlor can ba axplalnad in a 
nuabar of uaga. Thara can ba a high coat aasociatad uith aiaaing iaportant 
inforaation and thua soaa dotftora ara caraful not to ba lad down a "gardan 
path. " At tarnaf ivaiy, tha debtor aag not "faat ©wtlbrtiibla mI th • high 
laval of coMplairlty In tha hupothasis atructura or Ml th a car tain araa of 
diaaaaa and aight try to ailainata uniikalu poaaibllltlaa bafora attaapting 
confiraatlon. Doctors ara aiao anara of tha fact that a pat I ant nay hava 
auitlpla, unralatad problaat HhlVa only pf4*M<tiig with findlnga of ona of 
thaa. Many dt aaaaa precaaaas audi aa ciMfiow^ or traHHtotaa I c rwia I fa 1 1 ira 
can ba*illant" in aar ly atagaa, 

Var I at I ona can ba saen in hou doctora chooaa and puraua a finding. 
Soae doctors chooaa to axhaustively chiaractariia Vfjnding alraady obtainad 
bnform aaaking any n%u f IndlniBs. Othar tioctora try to awpa^ tha total 
rilctura t*iay fttva of a pat i ant bafora gblng' WW apaclfic finding 
charactariiailbna. Occasional ly, a doctor' ul J I rvm^ tha noraal aaquanca 
of currant •y'NJtoaa - past ralatatf iwitftiaft^li^^ 
about thi hi stof^y. 

Tha daacr i pt ions I hava prasantad ara i apraci aa and i apraaa i oni a t i ci 
thay Hira Ihtandad t(» gtva ahaadar f b^dal'lva^vti^Ef'lhi ring* oi 
variatloh that la'obaafvad. Ariy aodaf thif cliJia irEa abla to raproduca 
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the behavior to doctors in takir^ the |>rflfeot lllneef P4ii.t include the 
factor of diagnostic sty,]|e* ^7i?e SFft,|riotyij^f a frafWHOrK for including 
diagnostic etule. 1 1 can Im incl\i#«di bu^ ueiftfitiatutbei acprina of. the 
atratemj fraees. 

Asieociated n^ith the matching of eaph tef#inai lOf atrf teM ^rane ie a 
score. This score it a Measure pf^,l^4pP9r.4pn(pf ||| jthe jf^ati^e in the 
selection of the particular strategy. The total score if Obtained hu 
adding the scores of ejach. terejoal. Thjs pcfre ^j|^e|^nl8 the weight-of- 
evidence in favor of aeJecti^ the st;:a||f0UrB|^i^ti^^^ Meightjng 

susteii to the elenents of the diagfH>et|9.90i>flgM'^^|4<^ Yl^iations in the 
selection of strategy can be ^oduced, (h^ter Tl?e.Mei|j^tf ai-e aeaigned to 
the variables of the IOC not to the.fei|tN:es.pf thf ^fe|,,thft f?^^^ 
assignments to the variablfs.) 

Uhen a tereinaJ of a stratfjgii fj^||f ,||,«ftcj^; |t|, » eJtM^ 
IX, the Matching score is nou calculated by Miltiplylng the eloMent's 
ueight uith the terMinal's raw score. (Of course the weighting systeM nuet 
use norMal ized ueights. ) The entire fraae Is then scored by adding up the 
individual ueij^ted scores for each terainal. This Mill reorder the ecoree 
of each strategy fraMe in a different uay. 

It is not obvious how this Mould Mork, so consider the affect of a 
particular ueight ing scheee. If Me Mant te procfcjce an aggreeeive style urn 
Mould assign heavy ueights to each eleaent of the IOC that involves the 
presence of a LIKELY hypothesis. By doing this ue t«nd to suanp the 
contributions by the other eleeents of the configiration. On the other 
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hand if ue uant to produce a MOre cautious ityie tw would ueigh thtfsa saM« 
eloMonts vary fittla. To pri^diMia a etyta t1i*t taiida to eharactw*i2t a 
finding onoa obtainadt m Isaavlly tiaif^t the IOC aioMiint that ajiaclfies the 
presence of a differential characterization netuork fM* jt f iraling* Uhi la 
this description does not tell the uho(# story of hou style i» incorporated 
into the 9^. it l^out that the tbdvl Is flekible ^wufih to incluite it in a 
rather sinple way. 

Style is iMW'haps the feast undw* stood facit of fwiran |»'oblaM-8d1ving 
behavior and spsclflcally, ths probtei-sblvlhtf t»hiv!br of doctors. 
OoMbai, lAto eKaalned the protocols of doctors t^ihg a cast of tisdoalnal 
pain Mas forced to conclude that (probity betMJse of the effects of style) 
that there was no such thing as the "diagnostic process.* ^DoMbil t3> In 
other problem doeains it My have as auch effect IndeterHlnihg tiMe-to- 
solution as intelligence and do«air^>sp^if1cknbule(Hie. 
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aA?SIFip^TIQN OF STRATEG||S 

In this chapter a scheme is presented for claesjfuing the data-gathering 
strategies froa the protocols. For a long time one type of itrategu hat 
dominated the thinking of the medical profet:fion - th^ differential 
diagnosis of a symptom (such as abdominal pain). The codification of thie 
approach In a book such as French's I ndex o f D i f f er en ti a I D 1 aonoe i s uan 
considered an important step foruard in the systsflatic organization of 
diagnostic procedures. Of course, many doctors n<M4 accpipt that diagnosis 
requires a larger repertoire of strategies. 

The classification scheme presented beloM uae developed by aeseesing 
the intended effect of each question. It uas clear that the answers to 
certain questions (or groups of questions) uould have the effect of 
establishing a hypothesis if the answers mat the eMpectationa of the 
doctor. On the other hand, there were questions that were aimed at 
removing a hypothesis from contention or deciding which of two different 
but closely related hypotheses was better. Finally, there was a class of 
questions whose intended effect was to develop a new hypothesis or sharpen 
an existing one. The names I have assigned to each of theee different 
types of goals are Conf ifmation . Elimination . Discrimiinption and 
Exploration . A strategy is assigned to one of these four categorise baaed 
on the intended effect of its top- 1 eve I goa I . The protocol analyeie 
revealed that within each of these categories there was a wide range of 



PAGE 80 

variation; there are different types of confir«ation , eliiaination, 
discrimination and exploration striatsgies. The classification of 
strategies within a category is made on the basis of the method used. In a 
direct method, the data sought is the saRe as (or equivalent to) the entity 
to which the goal is being applied. In an indirect sethod, the data sought 
is derived from the premise of a rutsi that associates the data with the 
entity to which the goal is applied. 

A schewe for classifying strategies says nothing about the conditions 
for the Selection of a particular strategy. In addition to ita value as an 
observation of underlying structure in the experi mental data, however, it 
can give us a way of viewing strategies in terms that can aid in our 
understanding of the clinical decision-making pr-ocess. If each question 
asked by the doctors represented a different time of strategy our ability 
to describe and understand the doctor's problem-solving behavior would be 
very limited. It is the existence of simi lari ties among the goals of the \ 
questions that makes a classification scheme for strategies possible. 

4.1 Confirmation Strategies 

Confirmation strategies are strategies to establish or validate a 
hypothesis. They are characterized by ^atiortt that seek evidence that 
will support the hypothesis to be c<»ifirmed. Further, the typs of evidence 
that is sought is posit ivs evidence. This means find ir^js that are 
characteristic of the disease, clinical state, etc. under consideration. 
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This is in contrast to supporting a hypothesis by evJden.ce that that tende 
to Meigh against competing hypotheses. 

Evidence can be classified by its relatipnshi{) to a hypothesis. 
Sufficient (or priwa facie ) evidence is sufficient to confirm a hvtfiothesie. 
For eKample, dysuria is sufficient evidence for bladder irritation. 
Necessaru evidence consists of findings that must be present or the 
hypothesis is rejected. Supporting evidence consists of findings that add 
ueight in support of a hypothesis. Consul eten |: ev i dence is similar to the 
legal concept of circumstantial evictericai It c^ i;f)t b| Msed to^j^ a 

hypothesis unless there is d i r ec t suppor t i no ev i dence. _ N fff^ t j va ev i dence 
consists of findings that ueigh against or vrm ipcofreiatent Hith ja 
hypothesis. 

4.1.1 Direct Confirmation 

Direct confirmation strategies are confirmation strategies that uee 

direct methods. They can be further subdivided into ewoert Hitneis and 

prima facie confirmation. Expert Mitnesaes are thpM doctors who have 

obeerved the patient at some time in the past auid have evaluated their 

medical status. In addition, the doctor has reason to trM>t their 

conclusions. An example of this strategy is the folloviing, the doctor 

uants to confirm a history of previous urinary tract infectionet 

Dt Did they (the doctors at tti« hospital} 
arrive at a conclusion from the IW. 
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Kt Shtt was said to have a bilateral etaph. 
pyelonephritis. 

As our protocols (knonstrated direct eonfiraat ion using the expert uitnese 
method uill be quick I u abandoned once the MltBSi#tanrprov«T t« tMi 
unreliable. In general, houever, doctors Must rely on the pr«v'ous 
hospital records or resorts f roe other doctors to a certain •xttnt. 

Priwa facie direct confireationrlefirtriiany restricted to firtiyatcal 
exa«ination (h- laboratory fifKiJngs but 6tti t>ii umd in bthar phases ^c the 
exawple of the dywjria deeonatrates. This s^iha^tgy can best bt urfcierstood 
by observing that asking for prlea facie evidence is ec^ I va lent to asking 
if the patient Nis ths condttie«f^ baling tested^or. Aiiiing If the 
creatinine value is elevated is equivalent to asking If the patient has 
renal failure. 

4.1.2 Indirect Conflreation 

Indirect confireation uas the most comion stratefAi found in the 
protocols. A single application of this strategy {^nerat«Jfi»oaon« to as 
many as fifteen questions. Indirect cwtflrnatton strategies ara baaed on 
the use of finding-disease associ at imi rules, fhe {^neral fora of these 

rules isj 

evidence-f«* 
<col lection of findif^s> - — r.^-.-~.».> xelinical condltion> 
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In th« tiinplatt cats for axampla, favsr is svi dance for an active 
infection. For anything other than very sieple conditions the collection 
of findings is a conptex, highly-structured set consisting of many 
elements. If a sufficient col lection of positive findings is found, the 
clinical condition is considered confirmed. 

4.1.2.1 Case-Building - An Indirect Confirmation Strategy 

Consider the task of a district attorney prosecuting a case agalnat a 
defendant. In order to be successful he must show a nunber of thingst 

1. A crime has been committed. 

2. The defendant had the opportunity 
to commit the crime. 

3. The defendaht had the necessary 
"tools" available to him. 

4. The defendant had a motive for 
committing the crime. 

In addition, he must demonstrate a prima facie case. (A case built 
entirely on circumstantial evidence uill be throun out by the judge.) A 
case of homicide is a good example. To shou that a hoiiiicideuas committed 
a body must be found. To shou that the defendant had opportunity there 
must be evidence (uitnesses, credit-card trai Is, etc) that the defendant 
uas near the victim at the time of the murder. If the victim uas shot, the 
prosecutor must produce a gun and shou the, defendant had possession of it 
at the time of the murder. To show motive the OA must prove that the 
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defendant had a rta«ort to kill , aithir girh «r d^Vioaity, fw- SKaMple. Of 
course If enough credible ultneWs eau the (lif«Hidint put! the trigger, the 
other elements Mi^t not be necessary fA^lthw*;^ ietlve Is lliportant in 
determining vrtiich degree of h«iici^t*s the defsfKlant will be prosecuted 
for.). 

Case-building in medical diagnosis is similar to this legal example. 
(Of course the cioctor is not bouhd^ the rules &f oviidence.) The concept 
of opportunity is found, for eMa^>le, in the consi^ratlon of a patient who 
Sfeems to have a disease that has a clear clemogri^hlc dislributlon. The 
past presence of a patient in^ a plaoi^iiha^e N'WtWi havi baen eKpoeed to a 
certain kind of infectious d I Mass uoulcfncrMny iMconflraad if the 
doctor is consid«p1ng as i diainosis fa Iplfciloii that is localized to that 
part of the Morld. The aoalOjBSU af "tf^a" f:jwi bt Man In diagnosing 
alcoholic cirrhosis of the liver. The clw; tor must demonstrate that a 
sufficient amount of alcohol uas aivaJt^la «|hL cpneumed by the patient. 
The concept corresponding to motive in medical diagnosis is predisposition. 
A person with diabetes mellitus \% predtspi^sed to Staving im*} nary tract 
infections; he has a "mottvs* for getting the disease. 

This analogy (like most analogleif can be overdone. The point I uould 
like to make is that in atteiptlng le ©iniflrii a diagnostic hypothesis a 
great deal of evidence of different types iwsV be gatftsrecl. Caaa-bul Idlng 
i 8 not a single strategy but a col lection of strategies. The variant of 
case-building that the doctor uses c^pencls on tfnl nature of the dieease 
hypothesis to which It is appllid. ttis three'iMjW'variants that I have 
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identified correspond to the classification of adiseaee as acute, single- 
phase, acute, multiple-phase or chronic. 

Case-Bui lding-1 - Acute^ Sinqle-phafp Ditfasfte 
An acute, single-phase disease is one that develops over a short time 
period and has only one phase of developnent. Exaa^ileB are influenza, 
acute myocardial infarption (heart altack) and APN» Pase-buildlng applied 
to this kind of disease is characterized bgiwi iittem|;tt .to oonfirn the 
disease prototype . It is difficuU to give wexfct definition of what a 
prototype ie. The working definition that most af the doctors seemed to 
use it that it is the col lection of tlgns and fy««>t«MR« t^al they uould 
expect the patient to have if the pttient had the itlMMe. It includes all 
the findings that are necessary evidence. Fcr eKaupje. th» prototype for 
influenza is: 

(PROTOTYPE INFLUENZA 

(SYnPTOOATlC^I STORY-REVEALS 
(ONSET 
(CONSTELLATION 
(FEVER AND CHIitS:#ID«AiAISE)) 

(aifUEP<s4ir mw tzm ) ) 

AND mSCLE-Aa€S 
AND COUGH 

AND NASAL-STUFFINESS 
AND (OCCASIONALLY PROSTRATION 
AND NAUSEA 
AND CORYZA)) 
(PHYSICAL-EKAraHATiON-RiyEAl^ 
niLO-PHARVNGlAL-INJBJTIQN AND 
FLUSHES^ACEAMO 
CONJUCTIVAL-REONESS) 
(LAB(?RATflRY^0^1^-#E\€AL 
LEUKOPENIA)) 
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The prototyps for APN can be found \n Appendix 1. 

A variant of this form of cate-buildir^ it uMd for aicuta, nultipla- 

etiologu €(i8«aM» vhw% the •tiolofHi^ is a factor 4n<tot«rMining a treatnent, 

acute pericarditis, for example. This variant of case-building ui II 

typically invoke a sub-strategy to determine t1h« etiology. 

Case-Bui I dinq-2 - Acute, ffaltlple-imate Oiseasas 

The diseases that fair under this classlflcttlori «»e short-term with 

tuo or more distinct phases of development; Exaa^lsi arm^icute 

glomerulcmepN-itis and acute tubula* necrosis tacuts renal failure). This 

strategy is characterized by confirming a set of 6rotbtt»e»i each 

representing « phase of the diseaee. The prototM^e-set tflso ineludfts the 

time-relationsMps among the phaees. For •MMqal*. thii a«t of prottftypea 

for acute tubular necrosis: 

(PROTOTYPE-SET ACUTE-TUBULAR-»6C3«3SfS 
({PROTOTYPE gLlGURIC-PHASE 
(OLIGURIA AND 
RED-CELLS AND 
GRANULAR-D^TS ... ETC. ) ) 
(PROTOTYPE OiURETJC-PNASE 

(POLYURIA ... ETC.))) 
(TinE-KTUEEN (OLIGURIC-^PMASE OIUfETIC-PHASE) 
(8ETUEEN (2 OAYSi (GiiQ^H)) 

In the case of a multiple-etiology disease such as acute renal 
failure, where the etiology is a factor In determining the treatment, a 
sub-strategy may be Invoked to determine the cause. 
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Case-Bui lcling~3 - Chronic^ Digiiaggg 

Chronic disaatas are long-tara disaatas that Mtu Qr nau not hava acuta 
epi sodas. In many chronic diseases the preientatfon may not have a 
character i at ic prototype depending on the stage df development. In order 
to characterize chronic diseases a developmental sctnario is needed. This 
scenario is simi lar to the connectttl phj^M aaaoclatad ui th acute, 
multiple-phase diseases. It consists of a sequence of events and thair 
associated time relationships. Qccasionallyi the aaquanca of aventa ia 
vary clear such as the thrae stages in Ihe davaft^Mient of syphilis or a 
history^ of rhaumatic fever in r heuM»f it heart diwiate. In many casee, 
hoMOver. there is no single sequence of events that can character iza the 
development of a chronic disease. Uhart this is the case a sat of 
alternative scenarios is encased together and called the storu of the 
davalo|Misrtt of tha disease. Included in this story are the common faaturea 
of the differeht scenarios. For each scenario there can be findings that 
are independant of the stage of development. A t\^ica1 pattern of 
questioning in the protocols uas for the doctor to try ^d establiah tha 
initial point of the story. In many diseases tha initial event ia tha 
common locus for all the scenarios. Even uhen this is not the case, the 
initial event can be a good guide to the selection of the appropriate 
scenario. 

Thia variant of casa-bui Iding does not hava aa rigid a aaquanca of 
actions aa do tha other variants. There are, houavar, definite coMponanta 
of tha strategy that are normally attempted (regartTless of the order in 
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Mhlch Mch is tpied). Th«y aret 



1. Confirw the initial avant (including 
prana<}uij!iitaL9l. Tliamtiai m^m^i Jt norwally 
associated Hith the cause of tha disease. In 
this »itM«ty» it U^ii0, ^m m^mitthtmtlna 
event . 

2. Coiifir'M tne developnental scenario by confirning 
Moh mtjiftlaai. e»eytt> mi m. ^»m^.Am*m^i^ *k« 
stage of developnent. 

3. Confirm the time- independent findings. 

4. If the disease has a tifl)ical acuta iwesentatlon, 
confira the 4*socta*s<*j|)f^«i*<M^fl»(H 

5. Corvfipa arn*. |»rp(tii[«K»»l t i«is to th« prefttpitstifwi 
event. 

An exanpla of this strfttegy,,J.s in #». protocol anil i^«r I w Chapter 2. 
Here the «toc tor mI shed to confirm ^Oftlc^Pipl^onaplir^V^^^ T»i» 
precipitating eyent uM an Initial urinary ^j«* J^fawtip^ ii% ftaaociction 
with a kidney stone 17 year* a*r|jar. The i^w*-^ thirty t*w doctor (^aa 
to match specified chrooic b«;4«riMr4# nitJi icuta^ f lareHfUa ©f urinary 
tract Infection. After establlshlngt tHia * *ha deetor=eata»>iiehed » 
predisposition to CPN, phenaca tin *»«fe. 



4.2 El inination Strategies 

Elimination strategies are myoMdoMht» tlie <toctor wlehee to remove a 
hypothesis from active (intention. This oor-«»l Hi,mmame moving the 
hypothesis to the mJLED^T aectioo .of th» «JS, , i«awln« * hypothasia from 



•.•;«»!S<?s«M»^ .■••^iw*.*,^. »ii(ijj(f^^«»»..,»4!is»i(e* *-^-, ^ • 
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LIKELY to IM.IKELY Mill also be considered an application of an elininatlon 
strategy. Th^s is because Fn the phases preceding the physical exam and 
lab data it is normally not possible to fHJLE-H/T or CONf^tlttl a hypotheeis.) 
Tha most inportant aiemnt oi ttM IOC in datarmtning u^thar aliaination 
uill be selected is the total nuaber of LIKB.Y and POSStlj^ hypotheses. 
The larger this rnjMber, the greater the likirlihood that atlMlnation Mill ba 
selected. This, however, is not the only criterion for the saiection of 
elimination. The number of separate araas covarad by the set of hypothesaa 
is another crucial element. As shoun in the ana(yz*d protocol, the 
presence of independent GI hypotheses on the PC^SIBLE >iat uaa a factor in 
the doctor's selection of an strateggi at (Jtiaation 4. JTha aacondary goal 
uas to eliminate GI as a separate, independent prc^ram.y. 

Many factors go into the ckrcisi^ aa tAJ^.if;ft,||l^tt^ia to eliminate 
after el imination has been selected. Ti^ f%liaMiJi% f^t^J Mainh in tha 
favor of a hyppthefis being selectctj) for eUminationt 

1. The position on the I'LIS, TIi^i^I^m^ 
down on the list, the more tilwi^j the 
hypothesia is to be selec.tasi ffjr f?^.ttJ^^^^^,^ 

2. The increase in the com|)|cjtjT||af ff ,tha P|.J5 
to be giinad by cutting a t^iiiiiheais. 
Hypotheses that wjl I reffyf ^Jf at^faf, frip 
considefatYon #e pfefeiratl. 

3. The relationship of the cut lindlhgs of a 
hypothesis to the current focus. of questioning. 

(Cut findings are those flndii^s that ar9 considered 
to be necessary evidence for a h\^thtaia. or kiave „ 
a Very htgh frel)ueney of occurrence in the disease.) 
Hypotheses whose cut findings are clofeiu,^olated 
to the group of findings under coris i darat 1 on 
are prefered choices for eliminating. 
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If the current focus of questioning is urinalysis 
findings, for exaiv>l9. a hi^thisistlMit ean.i}* 
elininated by asking about the presence of reduce N 
caete tMuid b* prefered^ 

4. The potential decrease in thft F?L I S density s if 
a whole set of hypotheses on the hypo thee ie I ist 
connected throuj^ reUti^^jatl lloKec^itot rei»v»d 
by cutting a hypothesis, "tutting a h||p»the8 is that 
has mmm mm Qr, COMPLICAtUaN 1 inHs on the 

PL IS is generally prefereti. 

5. The prognosis of a disease hypothesis. The protocol 
ana I ye i s r^vM I ed that t»»e nor* ear M»ue thei m eeaae 
uas in terms of difficulty of treafteent or having 

a poor prognosis the eore iiK»ly t»w (iBctor «a» to 
try and efielnate it. 

6. The number of findings left unaxpJained by a 
hypothesis. A hypothesis that I iw^f »«i^jof the 
findings unexplained is a prefer «1 choice for 
eltmination. 

EliMfinatlon strategies are characterized by questions about the 
abeence of f Indlnge that su-b either necessary evicfence for a diaeaee or are 
eo often found if a disease is preeent that their aibiehce weighe very 
heavi ly against a diseasr hypothesis. What (llstir^iihM an eliaination 
strategy from a discrlninatioh strategy ie that a finding sought that Is 
evidence against the disease hypothesis to be tHiilniited is not naceaeari ly 
evidence that eupports any ottier hypothesis op the list. 

The goal of el iaination »uit also be distlngvi^td fro* tha poasibia 
results of eKp^dration. An exploration strategy jay have the raeult of 
Bliminating areas of consideration, but since tha ttypothftas that are 
eliminated were never on the PLIS to begin with. It icao not be Interpreted 
as an elimination strategy. 
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4.2.1 Oiract EM mi nation 

Direct elimination is sinilar to direct conf iraation. In direct 

confirmation the findings that are sought are those tliat are prima facie 

evidence in support of a hypothesis. In direct climiruition the findinge 

sought are prima facie evidence against the hypotheaii. Asking about that* 

findings is thus equivalent to asking if the patient does noi have the 

condition. Consider the following example taken from ^o toco i 2x 

Dt First I'm going to ask some <^esti one alMut 
the character of her urinary stream because I'm 
thinking in terms of infection in the lower urinary 
tratet. 0id the patiehf rtbtiiitt any Itl'ood In her 
urine? 

Kt No, she didn't. 

0: That she didn't have gross hematuria makes me turn 
away from bne posstbi Mty ^^ thdff irttf mfij^ >«iv« past 
a stons in association uith infection. She might have 
had a hemorrHagic eysirfti e liitf ihat ii(e« Y^ \jki\ tkaity. 

Another example from the same protocol! 

Oi The one other thing r night be Interested in 

this lady uith uhat you told me is the fact that 
she cootlnu*d^"1wvis tidrtite ^^^^^^ 1ti her urine. 
At though it*¥ cdypl^Sttfl^lconWeti^ 
pyelonephritis I would be inter«sted in getting 
a TB culture on hti^' lUiV because of her history 
a long period of time ^. 1 would expect them 
to be negative. 

Kt TB cultures were pei^fbrmed and Mere negative. 

A epecial case of direct elim^^inttion bccur*Y when the finding (if 
poeitive) ie sufficient evidence for the hypothesis and if negative ie 
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sufficient evidence against the hupothesis. In the annotation of the 
protocols I noted this type of strategy uith a top-level goal of 
ConfirM/EliMinate. There are eanu exaiipies. Asking if dye could be seen 
in the ureters j if yes. no total ureteral oba true t ion, if no, obstruction 
is present. Another exanple is the urine culture as evidence of active 
urinary tract Infection. 

4.2.2 Indirect Elimination 

Indirect el lalnation Is a class of »str»legi#f tt»at have structural 
similarities to indirect confirmation strategies such as case-rbui Iding. It 
is tempting to call these strategies neoative case-building. Theee 
etrategies were not as commonly seen in the pr^tocpls simply because in the 
case Me ueed, they probably uere not needed. Indirect elimination ie 
characterized by the foilouing set of subgoalsi 

1. Confirm symptoms inconsistent uith 
the hyiMjtheei e. 

2. Confirm the Absence of A pr-ecipAtating 
event, etiologic«l ^Hv^t. 4Nid ^irediepoeition 

3. Confirm the absence of princ'^^ I events 
in the develi3|MMntal eceoario. 

4. Confirm physical exam findings inconsistent 
Hlth.hypotN»-l#. 

5. Rule-out (eliminate) the hypothesis using 
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Consider an axaMple froni protocol 4. Th« doctor j« trying to aiininat* 
chronic abdominal problansi 

Oi Has this lady svar had «iy abdoninal coa^laints 
Mhl«v hiquirsti (KTt^inif llf #i#^^p^ < s 

Kt Sha had a ct«))acys^efiHiy IrfcTtk^Mif^ 
savantaan yaars aarliar. 

Ot Uas this the first tVaa sha ov9r had abdoninal 

■'IW^IaakS. ■ ■ ''ri . is.-':'! -:• 

Oi iha^tf navar hid any trouble at « child whif a aht 
aisaad school bacausa of «9dMiMl epji^iaiiitar^ ^ 

Ki Not that us'ra auara of. 

Di Or had irragular Iwual MovMHMits— M«in I'm 
loc*J«Q..th#t|H»l tw^'i'i.W this « cN-6ilTc" 
pattarn of a parson tdw has had «#!pBi flat 
cbinjrtaritti all ^iKl^f#lh#ha*l In it^Ntlfeti^ 
and choiacystactoay porm on tha bafirof Juft 
ai^ortle t»i#]arhl*^;Lirit1i^c»a#ilf ^W 
of har cholacystact^ slw haya |Blif|wiaa|. 

K: Ua don't havs that infpraftion. 

As tha ftuimr has probably ndttcad, tha IntarprataVfc^ of thia aat of 
quastfons is subtla. It could ba ir|)ua<Ei that tha^kicloriiaa trying to 
confirw a davato^htal scanar io for chronic abdoainal problaaa. Tha 
raaaon O^. Kissi rar and I chosa to intarprat Ithis as tnSiract al iaination 
uas the absance of any links aade by tha doctor to her currant synptons and 
the remarks made by the doctor aftar thp protocol tjad been taken in which 
ha said that it is vary common to saa a pattarn of Qhronic complaints and 
procaduraa performed without any underlying chronic problams being found. 
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4.2.2.1 Causal EKclusion - An Indirsct EliMination Stratsgu 

An axanpla of indiract aliRlnj^tion la a a^rat^W^ cal lad cauaal 
axclusion. Uhen a paUant present* with fimi4i^|allHit Si^est a Multiple- 
etiotogu syndroae, clinical or physiological state such as nephrotic 
syndroine, renal failure, sodiua retention or hypw^tMwion. a aet of the 
possible causes nay be placed on the PLIS. Depend ifig on the place in the 
protocol Hhere the resulting condition 4#ihyi}oi^e»1|i^, t^ie list can be 
very long or quite short, fleeson and ncDermi tt, for aMiiipla, list 44 
different etiologies for chronic renal failure <Beeson and ncDernitt 71>. 
A diagnosis Must include the undariyir^ csuija^l Mctsanisn. As has been 
stated previoMfly this is inportant for a punber af.rfasons. Among then is 
to separate out treftab I a causM froia uniraatabia cauaaa. The node of 
treatment may also depend on the etiology. 

Causal exclusion is a strabgy that is invoked in order to eliminate 

from consideration a subset of the possible causes of the caeuiting etate. 

This strategy is characterized by.seeKing f Indings, thait are consistent uith 

resulting clinical state but inconsistent uith the,Gausf (or set of causes) 

tb be eliminated. An example of causfl exclusion c^n be found in Protocol 

2. 

0: ....Did she have any history of high t>lood 

pressure? The reason Tm asking that question 
is that in association uith car tfiq kinds of 
renal insuff iciehdy hypiri^ensioh is a very 
common feature. 

Kt No, she didn't. 
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Ot The answer to that question leads me away from 
some th i ng I i Ke chron i c gi J omeruJ pnephr i 1 1 s ae 
causing her renal insufficiency. It's consistent 
with chronic pyelo. You could have hypertension 
or no hypertension. 

4.3 Oiecri mi nation Strategies 

Discrimination could be viewed as a form of elimination in that the 
goal is to eliminate one or another of two competing ^upotheses. Looked at 
in the other direction, elimination could be seen ts a form of 
discrimination, where the two hypotheses to be discriminated are "Hae-X" 
and "Does-not-have-X. " Discrimination strategies, in fact, do have a 
unique characterization that sets them aside from elimination stratagiest 
1. They are applied to pairs of hypotheses, 2. In terms Of the Information 
sought, any evidence that supports one of hypotheses ie also evidence 
against the other hypothesis. Hedical books are not vary prtcitt In making 
distinctions between elimination and discrimination. Doctors use the tern 
differential diagnosis to refer to the combined use of el immation and 
discrimination strategies to determine which of two or more diseases with 
similar symptoms the patient has. 

It might be argued that elimination strategies tend to Indirectly 
eupport the hypotheses that remain under consideration. If we eliminate an 
alternative hypothesis from a list that Is known to be an exhaustive 
enumeration of all possible diagnostic hypotheses we In fact do tend to add 
weight to (at least) a subset of the hypotheses that remain. Of courae. 
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this situation May not occur with with any frsqusncy in real diagnostic 
situations. In ths saiiis iiflht, by •liilmtlng all dthsr options but ona, 
under the saMe conditions, ue could conclude that we have confirwed the 
renaining hypothesis. These techniques are clever and no doubt are used by 
most physicians soins of ths tlMs. In the protocol analysis, howtvar, I did 
not observe these techniques bslng used. I^at uas evident, houever, uas 
that there were tuo different kinds of questions associated with the 
application of a discriwinatidn strdtegyj 1. Asking ae a noncommittal 
question for the presence or absence of a finding or for the value of some 
measure (such as the hematocrit). 2. Asking a sit of questions to 
characterize a finding, normally a si^ptom. 

4.3.1 Direct Olscrlminatiori 

Direct discrimination is a strategy that hat one form. The finding 
that is being asked about, if positive is considered to be prima facia 
evidence in s»4iport of one hypothesis uhile the rwgatlVe finding ie 
neceesary evidence for the other hypothesis. An sKample that uas found in 
nearly every protocol uas to discrlelfMite ah acute from a chronic problem. 
Five out of the 8»K doctors asked for the dljritl#» of the naueea and 
vomiting. Nausea and vomiting of long thjrat Ion Is pflmt facia avldance for 
a chronic problem, i^lle nausea and vomiting of shii^t tR»«at ion is necessary 
evidence for an acute pr Ob t em. Due tO the naturi of clinical medicine 
thwe are not many examples where such a clear cut discrimination is 
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possibloi I 

4.3.2 Indirect Ditcr'iMination 

Most discrimination strategies that uere observed fail into the 

category of indirect discrimination. Indirect diecrinination is 

character i zed by question^ derived froM rutes that assbci ate the positive 

finding as supporting evidence for one hypothesis and riegative evidence for 

the conpeting hypothesis. In Protocol 4 an oieiWfiH of the first form of 

discrimination strategy can be found (+ or -^^fndlhg). In thie example the 

doctor is trying to discriminate a bouel problem from a kidney probiemi 

D: I'm thinking more of a Rodney thlni than a 
boioel thing and I uould ask her did she have 
•ny change in bouef MVeii^tt asldliafed Mith 
this {the abdMiinal paint? Is this a possibility. 

Ki Ue don't have any information about |t. 

Di There is no diarrhea that we* ri auare of? 

Kj Ue don't have any information about that. 

Just prior to ttVls set of questions the doctor used the second form of 

discrimination (symptom character izati on) i 

D{ I'm feeling ....it uould be more likely 
a kidney problem or a tlad^r problem I'd 
be concerned uith. I uould ask 9bout the 
the abdominal pain....dii the pfl^tiont describe 
It or uhere it uhere N is tocatod? 

Kt The location uas said to be in the airea of the 
left flank. 
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Later on In th« protocol the doctor again returned to the characterization 
of the abdoMinal pain in order to diecriainate the flank pain aaaociatad 
with obstruction or renal calculi froa the flank pain of (uncoMpt icatad) 
PUe I onephr r t i at 

Ot Did the pain in the flank radiate at all... 
did it Move? 

Ki It Mat i^id to radJata around t«^t«Maa tha 
I aft flank and tha left kidney araal 

Dj Did the pain at al I radiate down into the 
I^ein? 

K{ She had also tt^NH-puble pain m# tendernaea 
at times. 

The final etcaaple of differential avmitiia oH9racAef ization coaes from 

Protocol 2. Is thla exaapU the doctar la tpyii^g, !« discriainata uraaia 

from other cauaes of nausea and vomiting (tpecif leal ly, GI causes). 

Ot Uas she nauseated for the uhole period of 
tiae? Again Tp tryifig t© cltarMterize this 
nausea that she had. And the voaltingj uas it 
associatfd with food, *mw H i^jsiiitawjus. First 
of all, was she ewitinually nauseated? 

Kt She first 0ecaaenausaat«ltoM^d,,^ha bfgiming 
of the illness and later on beg«i to vomit. 

0« And uas the vomiting associated with eating 
or did 9h9 uaks up in tha 4»imi#Tg with nausea 
and von i ting? 

K: I don't have information aJ»out that but I can 
tell you she did lose weight during that time. 

Dj I'm still thinking rsna I disaasKnd I cton't 
know why at this point.,.&it I was thinking 
with that question In terme of uremia. 
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4. A Ekp I oration Strategies 

The discovery of a class of strategies uhosMoti- i avs I goals could 
neither be classified as confirmation ner as a for^i. of fi inination or 
discrimination Mas unexpected (even thougti it is not-difficult to imagine 
strategies that are not hypothesis driven.). The top-level goal of 
diagnosis spec i f i es dev^ I op i nq a diagnostic hwWJthfsif and then confirming 
it. If anyone has ever had to repair a car or a radio thare are many times 
uhen the presenting "syiptQm8''svgg«st nothing iidrf iRfci fie than "the 
electrical system" or "the pouer supply" and even Uwstt non-spacif ic 
hypotheees might have a lou certainty. TN strat^ies tliat car nechanics, 
radio and TV repairmen use have a certain similarity to the •tp«t«gip8 that 
the doctors used. In the presence of non-specific ciu<KS these 
diagnosticians can (and do) use varlationa^^^f Mhat c<OMl<i bt cftllsd cheeky 
out lists. A checK-out I ist is si«4>lu^a pre-comnUad sat of quaatlons or 
conditions to be tested. The natures of these lists is such that in almost 
all cases they Hill turn up something that ui 1 1 genac^^a a vwy spfciftc 
hypothesis. The diagnostician than cap either cipplai-ta tha cha^^k-out Mat 
or immediately turn to the hypothesis (or hy|%pthaaaa) t|iat ^^^ 
generated. These I ists can be c^ite coaplax; they can contain manu^ branch 
points and levels of detail. In medicine, the compr«hen»iv« ch#cK-out liat 
i e ca 1 1 ed a review of ^l^8te«8 . 

The protocol analysie revealed three differant inttnd(9d aff^cta Mhoaa 
top-level goals I have classified as exp I (ration, Thay arai 
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1. Developing a hypotheeie in ail a^el uheri 
there are no hypotheeee at preeent. 

2. Sharpening a h^^othesie b^ making it arare 
^specific ''"'''■^ ■■ ^ "■■ 

3. Chicking for adrfltiontf probleie in tfWi 
preeence of a h)^theeie structure that ia 
a^readtf tuffyefint 16 ewptifrt t«ii*«ottn 
findings. 

The Use of the word "area" in 1. Is iiieai»t tSh isi^f y genira I . It can refer 
to an area of internal medictne sufth ae var*ul«^ Heiff lliiaie or 
carcirtoiae of the pancreas. It cah trso rifir to In iajiiei of the 
relatfdfial etructure of a disease idch at cdiplicitidn* o^ urinary tract 
ot»etructhon or eauees of renal ftHii^e. li^an *rio refer t<i aapecte of 
the )s«tient's condition that cot icrosi «i ri!lirVfMr*^teBoriee eucK ae the 
severity orf the i I Iness. 

tlafcing a hypothesis more specific fs ufart <Mxtxrn genaratlu «wan by 
sharpienlng a h^thesls. It is not unceHwidn foi*^ a iS^tor to atart lirtth a 
ijroad htitJotheeit such as chronic i^^f^ dfisease ii»*1ikite abdMlnal probleM 
an* try to shar|»en rt resulting Hi, for »aii|jle. c**^6l»yerw4phrit 
the fbriww cas# intf icute pancreirt I ft s f nf the fitlw^. 

An iBporiant cttrtsideration rn irSkfrtga final dii^oeis is that It 
shoufcJ tee *coepf»te" in ttie sense bf not if iirir^ *ni •*tondary, subetdiary 
or coM0feiwntaf^ problettS of the patient. E>^ tWeMi^heee ilght hot be 
the wajor probleas (or at least the eost eii^4«ua^iy#^t thi patient ie 
manifesting, any »anag(i»Bntdecl si ws about thsf^irtWeHt ^toultf'bhly be made 
with as comp1at»* diagnoetic pictyreas pbislblifi In^hwiiayi^ that we 
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used all of the doctors uncovered the secondary anenia and five out of six, 
the metabolic acidosis. 

4.4.1 Direct Exploration 

Direct exploration can easily be confused uith direct confirmation or 

direct elimination. As in these tHo strategies it is characterized by 

asking for prima facie evidence - thus it is equivalent to asking if a 

condition is present. It can be differentiated from these tuo strategies 

by tuo conditions: 1, The hypothesis being tested is not on the PLIS 

and/or 2. There has been no evidence presented as yet that the condition ia 

present. Direct exploration can result in the simultaneoue activation and 

either the confirmation or elimination of a hv^thesis. This strategy uas 

used by one doctor and resulted in uncovering and confirming the patient's 

metabol ic acidosis. From Protocol 2s 

Oi NoM, in terms of a lady uho is presenting 
with uremia uith uhat I think are uremic 
symptoms in association uith an acute bacterial 
infection superimposed wi chronic piyetp, I'd 
be concerned uith her electrolyte status at the 
time of admission as uelt. 

K: You uant to knou her Na, K, CI and C02? 

Dj Yes 

K: 140, 3.7. 109 and 12. 

D: Given that information uhich makes me think 

she's got a metabolic acidosis uith ah increased 
anion gap, I'd like to knou her pH just to make 
certain that's uhat is going oh. 
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Kx Her pH was 7.18 , PC02 IS. 

Occasional lu« direct exploration can use the expert Hi tnese Method. Fron 
Protocol St 

Oi The next question uould be had she any history 
of any kidnsu dis^aM in t)^ past. Scpacif ical ly 
has she tt^tur been told that s*»e hrt a klchiey 
d i sease as a youngs tar or in thsi, ctnttf^, of 
prsgnancles or anything of that (Mrti 

Ki She did have a history of difficulties with her 
kidneys in the pMt. 

4.4.2 Indirect Exploration 



Indirect exploration is characterized by questions derivedfron rules 

that associate the finding sought to the activation of a disease 

hypothesis. This strategy can encompass a single cpjestion or uhoie groups 

of questions. The follouing example from Protocol 3 can be coneidered as a 

single question. The doctor has invoked fxp I orati^ jn order to devalop a 

hypothesis in the area of chronic renal disaasei 

Ot ...Nou she literally had oatbing eUe going on 
in the intervening time, is that right? 

K: The history that she gave said that she had no 
serious Illnesses during that time. 

Dt No urinary symptoms, no abdominal pain, no 
nausea, no vomiting? 

Kj That's correct. * 

Ot No bouts of unexplained fever? 
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K: No untxplaintd f«v«r. 

On« area that concerned the doc 104*1 »•• the fever tty of her illneea. 
Question 4 of the analyzed protocol Is an eKaaple of indirect exploration 
focused on the question of severity. In the next exai^Je (fro» Protocol 6) 
the iesue of eeverityfn a previous ittneiisiiekploredt 

Ot Uas she hospitalized oiit that occasion? 

K> Yes she uas. Uhy did you uant to knoM that? 

Dt Because I uouid assuee to siaib eKfifht the 
severity of her syeptOMS eight be reflected 
in kdiether or not iriie Mts hospitalized. It 
would give ae an indication of hOHeerioue I y 
rrr she^«i#'at^the'itt«ie;' ---^^:>''- - ' ■. ^' '" . ^ '^ 

The next example shous hou indirect exploration can be ueed to develop a 
hypothesis of early renal failure. Again froa Protocol 6t 

Dt Uas there any Modification of her diet? 

Ki Hot that ueVe aware of. 

Ot Uas there «ny reduction in tha Mount of 
protein Itrtieriiiiet? 

Kt We're not auare of any change in in et. 

If a doctor had found renal insufficiency in the past ^ one t^rapy plan 
night include a reduction in the aaoimt of prote.in the patient could 
incorporate in her diet. 

The final exaaple of a singie-questitv^. ir^iifeptfKp^i oration atratagy 
shous hou it can be used to check for ee^Knd^y (r,^ aasoc ia ted condJt lone 
(in this case hi^ertension of renal origin), Again frof PrptpcoJ 6j 
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Dt Also one question I should ask is do you 

have any information about her blood pressure. 
It her blood |^«i«>jt el|pi^ 4^^ thu^t 
hbepitalizaiicMi or has it ever i^wi? 

Kj I'm sorry but I don't have that inforwation. 

Oi I raise that question noM becauae of its 
associatic^ uith chroniic i^enai ^di;sipip. Ily 
computer tells me that uhenever you get chronic 
renal diseata ySHi n^ad te.Knuati itf^^t ^ blood 
pM^essure. 

4.4.2.1 The RevieH of Systms 

The review of systems is the best «>(^i)l« I found of an e>ctended, 
indirect OMploration strategy. Many doctors consider asking this 
col lection of questions to be a routine' pr«;adurt to b« ptrforiMid 
regardless of any diagnostic hypotheses. Indeed, the second halves of 
Protocols 4 «id 6 uere extensive and nearly complete reviews of systems. 
The normal review of systems wi 1 1 cover such areas as the head, eare, eyae, 
nose and throat (f€ENT) , the skin and «us9ul;*"riiiieietonal system, the 
cardiovascular, s^ni tour i nary, gaatrointiisilnaJ ikhI rviM<*olog'*cal systems. 
Most doctors will include a history of medicatione and previoue illneeeee 
(although these are usually considered part of the medical history). 

As an example of this strategy I will focus wi a protocol that, so 
far, has not been used as an example - Protocol S. This protocol was by far 
the most dlffieult one to analyze, ttest of the protoicol was a ravieu of 
systems, but one that seamed to be talto^eci to tlW^aiee in question. By 
uelng th1» strategy the doctor very effectively uhco^ed the phonacet In 
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abuse and eliminated the possible abdominal etiology. The reason for the 

difficulty in analysis was that uhile each question could be vieued as 

having a confirmation or elimination goat there ••tmtd to be no clear 

hypothesis structure to uhich to apply these goaf 1. For thti reason both 

Or. Kassirer and I decided that each question uas realty meant to develop 

hypotheses rather than confirm or eliminate them even though in the procese 

of developing a diagnostic hypothesis, the doctor doei etlminate certain 

areaa of consideration. 

Di I thintt I'd tike to go t6 sort of a syl|ematic 
revieu of her health to see if ue iiari ptck up any 
ancillary information, tiad she ever been told 

about had she ever liadaiifyprObi aas ufth 

her skin? Rashes or allergies? 

K: No. 

Of (Had she been subject to headache? 

Ot She had a long history of headaches. 

K: i4as she treated? Did she treat herself? 

Di Yes, she has taken some medication for some 
time. 

0: Do Me knou the nature of this medication? 

K: She took Empirin tablets. 

Ot HoM many did she take. 

Kt As far as ue can tsli she took around 6 
tablets a day. 

0: Over uhat period of time. 

Kt For Mjout 15 years. 

0: Uhat I'm concerned about nou is uhtffwr she has 
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had an abuse of this compound. 

After the history of headaches has been established the poesibilitu of drug 
abuse arising from self medication imMedlately follpus. Chronic headaches 
are associated with hypertension, thus the next series of quest lonet 

Di Did she have any problem uith her blood preesure? 

K: She never uas told she had high blood pressure. 

D: Had it been examined? 

K: It had been examined on numerous qpcasions some 
time ago. 

D: Hew about her vision? 

Kx No problems with her vision. 

D: Has she been subject to seizures? 

K: No. 

0; Hou about depressions? Psychiatric....? 

Kj No. 

Di Had she any problems uith her breathlr^j? Any 
shortness of breath, cough? 

K: No. 

Ot Hemoptysis, chest pain? 

Kt She mentioned that she has had a chronic dry 
hacking cough without sputtm profiiuciion. 

D: Obviously the most cogent thing we've picked up 
in this review i» the ventf. NMvy alMie* of Eji^irin 
which I think could well be related to the problem 
she had with kidney stomt. d&gid Mel I ilr fact have 
been a s I oughed pap i 1 1 a from pap i 1 1 ary necros ! s. The 
epis(Md« she's havii^not^hvce^HilMftJIriilJrtswit 
episodes of renal infection or papillary necrosis 
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related to phenacetin abuee or anatgeeic abuse. 

The doctor is beiag a little modest at this point, the hypothesis he 

states is clearly his POH. The renaining ciues 1 1 bns can either be viewed 

either as exploration or a ueal^ form of el imi nation. It Mas difficult to 

decide because the doctor's PLIS now contains a very sharp hypothesis. 

Ot Had she had any problems uith cardiac disease 
or SHHiina? 

Kt She has no cardiac symptoms. 

Dt Ankle suel ling? 

K: No. 

0: Aside from this ueight loss that ^v experienced 
uith this present i tlness, had ihe had any change 
in her ueight over the past usar? 

K: No. 



The focus is nou in the area of GI problems. 

Dt Any problems uith her appetite dh iMiy difficulty 
sua! louing? 

K> No. 

Ot Any previous episodes that ue knicM about of 
gastrointestinal upset, any ulcers? 

Ki No. 

Dt The cholecystectomy uat performed .lincause of 
uhat.... jaundice? Pain? 

Kt I don't have any information about that. 

Dt Bouet habits? 

Kt She has a rectocels. She has had a history 
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of savere coniitipation Mo^• Mvtr tines narch. 

Di Uas aha taking any M^icat ion? 

Ki No aha uaa not. 

Di Had aha not i cad «iy ctviriga in tha color of 
her atool? 

IC: No. 

D: I want to gat a faal for Iw iMm«trjual hiatorg 
nou....on8et of iianaaa ua8....f 

Ki Noraal aga. 

Dt Ooaa aha hava any childran? 

Ki Sha haa ona child uho ia 35 and uall. 

0« Dl d aha haiva any di f f JCM I !t^ mI tK tli^t pragnancy? 

Kj Not tliaf waVa auara of. 

Di And uaa it dalivarad normally? 

K: I don't hava any infornation. 

Dl ByJt aha didn't hava af^ iniclaJiMi «• caaaraan 
aactloh? 

Kt No. 

Dl Did aha hava any jjroUlaiiniJth Nr iojntt? Any 

aua n i ng? Pa i n I ika ar thrl jtj.^ 4 

Kt No. 

0: Uall again, I think tha Main thing Ma' vf^ 
tfearnad froa that brjaf rfvlaM of iyataaia ia 
that aha'a had thia larga Irfgaatlo^ of Enpirin. 

In Chap tar 3 I diacuasad diagnoatic BftyjA, UiJthout any conaidsrationa 
of atyla tha pracadinu diajog^ia could mtj>a a«p.la|ipd in a aatiafactory 
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way. For another doctor, the hypothesis of phenacetin nephritis might have 
immediately invoked case-building. In this example, houever, the doctor 
continues the rev leu of systems to its conclusion. 



» ^Sljfi- -^ 
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AppyndiK 1 - A Fr^t fot Ac«U PylotwPhritit 

(FRAriE ACUTE-PYELONEPHRITIS 

(aASSIFICATtON-OF * 

ACUTE ©»1«00IC S!N6l£-€T«3LOGY ft^TiTIAt^|®«Ai-ilMSEASE) 

(ULTinATE-ETIOLOGY-OF » 

eACTERIAL-INFECTION-OF^JRINARY-TRACT) 

(ULTIMATE-SEQUEL-OF * 
NONE) 

(STORY-OF « 
{ALn^T-^fcMAYS 
fASCENdtl^-PATHUAY-ROUTE SCENARIO 
tBEGINS-WITH (EPISOOE-OF LOUER-URINARM-TWCT-IUFECTION)) 
( (EPISOOE^?F LOt^rURINABX-SlAp;-^^^ 

.*E.««-r*|»y 



((EPisaDe-i 

(TIME^Tl 

UINTERVAL-BETUEEN 

(EPISODE-OF LOUER-URINARY-TRACT-INFECTION) 
(EPISOOE-OF -KIONEY-Jli^TIONU 

{(immfiL-mjm * 

(EPISOOE-OF KIDNEY-INFECTION) 
(EPlSOOE-OF «)) 

IBETME5N(0JAVS)J4 m^WU 

(CoTErtPOftANEdus ®%(»^r{t iauiR4«lMABy4HCW 

(EPI9S(36-0P KIONEV-llil:TlflN) 
(EPISOOE-OF*)))) 
(OCCASIONALLY 

(DESCENDING-PATHUAY-ROUTE SCENARIO 
(BEGINS-UITH (EPISOOE-OF BLOOO-BORNE-INFECTION)) 
( (EPISOOE-OF BLOOO-eORNE-INT^TION) PROGRESSES-TO 

(EPISOOE-OF KIONEY-INFernON)) 
(OCCASIONALLY ( (EPISOOE-OF KIONEY-INFiCTIflN) PROGRESSES-TO 

(EPISOOE-OF LOUBR-URlMARY-TRACT-lNf^TION))# 
((EPISOOE-OF KIDNEY-INFECTION) CAUSES (EPISOOE-OF «)) 
(TiriE-PATTERN 

((INTERVAL-BETUEEN 

(EPISOOE-OF BLOOD-BORNE-INFECTION) 
(EPISOOE-OF KIDNEY-INFECTION)) ^ 

(BETUEEN (8 0AYS)(5 DAYS))) 
((INTERVAL-BETUEEN 



- i^y?,Hs ^- 
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(EPISODE-OF KIDNEV-INFKTION) 
(EPISOOE-OF LOUE^-URtW(ftr-TlM«:T-INFECTION) ) 
(BETUEEN (8 DAYS) (3 DAyS))) 
{(INTERVAL-BETUEEN 
(EPISOOE-OF xrDNEY-i#£Cttt3N) 
(EPISOOE-OF «)) 
(BETUEEN (8 DAYS) (3 DAYS) ) ) ) 
(COTEtlPORANEOUS (EPlSOO&-PF-fllO0D.eORN&'ll«^TION) 
(EPrsO0£-0F )i:igNEY-tNFEi:T4(]^ 
(EPtS00E4]P«)))) 
(COWON^EATURES 

SELF-LIHI TEO-UI TH-TREATriENT 
SYnPTOMS-SELF-LiniTED 

(TinE-DURATION (EPISOOE-OF «) (BETUEEN (2 I3A^) (14 OAVS) ) ) 
(TYPICAL-TirC-OURATJON (EPISft^e^*^ *J ^ Q^Vg)*) 
(SEQUELAE ' 

(OCXASIONAUY (CHRONlC-BAqTERIURIA OR 
UEAKNESStltV 

(PROTOTVPE-OF « 

(PATIENT-OESCRIPTItJN-REVEALS (SEX FEMALE)) 
(SYTIPTOriATlC-HI STORY-REV&IS 
( (ONSET-OF 

(CONSTELLATION (HIGH FEVER OR SHAKING CHILLS) 

(ACHING fLAMI^rPAIN OR SEVERE FLANK-PAIN 
OR tmm CV^^AIN OR SEVERE CVA-PAIN)) 
(8£:TUEEN (3 HOURS) (2 DAYS))) 
AND (SYnPTOnS-OF BLADDER- 1 flmtATION))) 
(PHYSICAL-EXAniNATION-REVEALS£V^TENOS«IESS) 
(LABORATORY-TESTS-REVEAL (P'^IA AW 

POSITIVg GRAH-NEGATIVE URINE-CULTURE AND 
UHITE-^U3Q0rCHJ<CASTS ANP 
(tllLO lajfflCVWiS <iR IKSOERATE 
LEUKOCYTOSJS) 
AND OrFFERB^TIAL SHIFTED-TO-LEFT) ) ) 

(SUFFICIENT-EVIOENCE-FOR (EPISOOE-OF *) 

(FEVER AND PYURIA AND POSITIVE URINE-CULTURE)) 

(ASSOCIATEO-CONSISTENT-FINDINCS-IN * 
(SVnPTOflAT 1 C-HI STORY-REVEALS 

((USUALLY (riALA I SE OR UEAKNESS)) 
AND 
(OCCASIONALLY (ABOOniNAL-PAlN OR 
BACKACHE OR 
LUriBAR-PAIN OR 
(NAUSEA AND VO(tIT|NG) OR 
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FOUL-SHELLIIsarlMlNE OR 
OTARftfetAOB 
CONSTH^AtiON IJR 

AND 
{RARELY ^IGURj AH) 
(HIST0RY^i|«grli3US^ttyi^S.flD€A|,S 

(drte<sOi¥'m€^OCeURRENCESr£)F 

( (EPISODE-OF JURINARf.aWCT-I«PECTKJN) 
OR 

{EPisQpE-oF *nym 

(PHYSICAL-eXAWNATlONrREVEWlB 

((USUALilt fNORTlAL eLOOD^PRESSURE AND 
(NORTIAL SKIN-TIWGPR .QR 
SLim&^^ailSt3KM0i jSmrTURGOm AND 
NO EOEfIA)) 
AND 
(OCCASIONAUY ABOOniNAl.-TENDEBNESSJ)J 
(LABORATORY-T^TIS-REVEAL 

< (USUALLY {LIGHT-PROTEIM«fA »W 
NQRTIAL il^ AND 

mm:mmmn and 

NbRWAL «mO&IN AND 
l«(MTtVEfl®ip-CULTURE)) 

f€riAtejRfA))m ■ 

(ASSOCIATED-DI^A9ES-m*STATES-0F » 

{COMPtl^TratOiP illlMy-TRACT-OBSTRUCTION) 
(CQri(^iaT.IDN>Qir t^K^riiliAt^ 

(COnPLIGATION-OF PAPILLARY-NECBPSJS) 

(C0nPLICATIQN4)F,.PERIfti^(^r^^Sr 

(conPL I CATi ON^ reiitt^ilc^) 

(COnPLIGATION-OF RENAL-CALCULIi 
(COnPLlCATED-BY BACTEREnrt-^!^^) J 

(PREDISPOSmONS-TO » 

DIABETES-flELLITUS 

PHENACETIN-ABUSE 

CHRONIC-BACTERIURIA 

POTASSIUr?:,0EE|^XWN 

UR I NARV-TRAeT-dBSTl%JCTl ON 
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URINARY-TRACT-ANATOniQAU-ABNORflALITIES 

UR I NARY-TRACT- 1 NSTRUnENTAT t€N 

RENAL-CALCULI 

PR^r««CV 

SICKLE-CELL-TRAIT) 

(« PRESENTS-AS 

{(USUALLY ( {SYMPTCmS-OF BLADDER- 1 RR I TAT I ON) AND 

SYSTEmC-^NIFESTATItWSF^-fNF^'ntlDrW 
(OCCASIONALLY ( (PEVE)1 OR^ MUM AN^ t^KLftfl^) ^ 
(XCASIONALLY (LUHBAR-PAIN OR BACKAOt)))) 

(TREATHENT-FOR * PARENTERAL-ANTIBIDTKjy 

(HEURISTIC-RULES-FOR * 
(IF (CHRONTC^RENAL-DISEASE OR URINARY-TRACT-OBSTRUCTION) 
(USUALLY (HI STORY-OF (0NE-OR-nQf€-OCCURRENCES-OF 
((EPISODE-OF «) OR (EPISOOE-OF URINARY-TRACT- INFECT I ON)))))) 
(IF (ACUTE HYPOTENSION AND (FEVER OR CHILLS)) 

(CONSIDER BACTEREniC-SHOCK)) 
(IF (HYPERTENSION OR EDEMA) 

(CONSIDER ((RENAL-FAILURE AND CHRDNIC-RENAL-DISEA^) OR 
ACUTE-CLDf€RULONEPHRlTIS OR 
CARD I OVASCULAR-Ot^ASE) ) ) 
(IF ((ABDOniNAL-PAIN OR (NAUSEA AND VOniTING)) 
AND 
(NO PYURIA AND NEGATIVE URINE-CULTURE)) 
((RULE-OUT (EPISOOE-OF «)) AND (CONSIDER (APPENDICITIS 
OR CHOELECYSTITIS OR PANCREATITIS)))) 
(IF (HI(^ BUN OR HI(3H CREATININE) 

(CONSIDER (RENAL-FAILURE OR CHRONIC-RENAL-OISEASE))) 
(IF (FEVER AND LEUKOCYTOSIS AND (FLANK-PAIN OR CVA-PAIN) 
AND NO PYURIA) 
(CONS I OER RENAL-ABSCESS ) ) 
(IF (FLANK-PAIN RADIATES-TO (UPPER ABDOTIEN OR BACK)) 

(CONSIDER PERINEPHRIC-A6SCESS)} 
(IF SMALL-KIDNEY (CONSIDER CHRONIC-RENAL-DISEASE)) 
(IF SCARREO-KIDNEY (CONSIDER CHRONIC-PYELONEPHRITIS)) 
(IF (LOU HEMATOCRIT OR LOU HEMO(a.OBIN) 

(CONSIDER (RENAL-FAILURE AND CHRONIC-RENAL-OISEASE))) 
(IF ((HlOt BUN OR HIGH CREATININE) AND (DECREASED SKIN-TURGOR)) 

(CONSIDER Pf€-RENAL-AZOTEniA)) 
(IF ANURIA 

(CONSIDER ACUTE-RENAL-FAILURE OR URINARY-TRACT-OBSTRUCTION)) 
(IF OLIGURIA 

(CONS I OER UR I NARY-TRACT-DBSTRUCT I ON) ) 
(IF (URETERAL-PAIN OR (FLANK-PAIN RADIATES-TO GROIN)) 
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(CONSIDER mimii-ini^r^wmmH 
(IF (HisTORY-oF {a£'m-wdmmmSk^ 

( (EPI SOOE-OF tHINNlY-TRftCT.immClN) 

on 

(EPIS30E-OF «)))) 
(CONSIDER CHRONIC-PVatJNEPHRITIS) ) 
(IF PHENAGETIN^AOJSE 

(IF ((RENAL-\^^&|iAR^:^sei!kS| OH URW««r^?MCI-(»Sf»«SfIffl« 

■■■■,,;anb/.:., .:,.;■;.:• ■;: :,_,:..:.. 

(FLANK-PAIN AND HEriATURIA) ) 
(CONSIDER PAPILLARY-NiCR(?6lSH 
(IF (TinE-OURATION CURRENf^t#tfifiS (> (3 l€SCS))) 
(CONSIDER CHR0NIC-RENN.-OISEASE) ) ) ) 
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Appendix 2 - A ??t ff,f Pft(prlpt5>f;ff fqr fn \0C 

Presented belou is a set of descriptors that can be used as a basis 
for the internal diagnostic configuration of a prcsant iilnets program. In 
constructing this sat I have attenipted to incJuda evtry consideration that 
could be inferred from the protocol analysis. 

The Patient ftedel Comonyt 
Global YaE lab let 

The information in this subcomponent is not specific to any one 
hupothesis or subset of hypotheses, but is. inftsad a jpoiljsction of 
descriptors about the general m§dical status of the patient. 

Immediate Treatmtnt Conaidtcations 
Need-f or-I w^cti a^-Treatro«nt XIHTflEAT) - Tt]«. dootor ' • pr I mary concern i s 
uith the uell-being of the patient. This must be reflacted in a praaent 
illness program. This is the Key variable in determining if the choice of 
focue Mill be on an emergency situation. The pQesible valuee for this 
variable are UNKNQUN. CONFIF^IEO. {STrK)NG.UEAt:)-£yiOENGE-«{FOR.i!^INSTI . 
Raason-for-Immediata-Treatment (RtlTI^T) - The ay idenpa or finding that 
suggests the need for immediate treatment. This owi bea spocif ic disease 
hypothesis or finding. EKamplest GI-^Bleedlng (FINOIM; I1&£NA). 
Dehydration (FINDING SKIN^TURGOR-OEO^SEO}. Shock (FINDING SEVERE- 
HYPOTENSIQN). 

Nature-of-Treatment (f^TREAT) - Hom the condition should (or could) be 
treated. Once there is strong evidence for the naad for inuaadiata 
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treatment, a Mt of ^iwiiWe tHerip4«t l« Made tlir Vblue of thia variabla. 

Examplei IV fluids for dehydration. 

Cavearte-fta ainat-Traatiant (CTtTfiSitr - I f there are any caveata such aa 

contra-rndilcatlorti or posalbfe cbMicitldne In tt^ cohaia^^ of a 

treatment assigned to NWtREAf, they are M«Je the vifue of this variable. 

Clearly, the focus of the strategy wi II fc* td iiNvilro •bbut theae if the 

need for i Rmedi ate treatment IMI* been ee;titHis)wd. 

Caveats-Explored (XflTtgAT) -^ A^tAa te^aaeif^ if the caveats have been 

explored. 

Pr wnos i s^l f -Treatment^j i ven (Pft^^Af > -- Futurie qtirtitiwrng will be 

affected by t»w prognosis aSfl«r expect Wrisiii^tV iFcrihe condition 

needing immediate treatment as this le 4 facliiF in determining a total 

management plan for* th* f^tient. «*t«» ^ J«ii^ v#ri«^^ 

or UNKNOUN. 

Infor>atlC» 'SeuHces 
56urce8-of -IiiformatiO(1»Avai I able ffSDURGEV - The cttoice of strategy i a 
influenced by what soorcis of Thfbi^afloi^ «»dut tfif pftieht are available. 
Sources can flange from the patient hi m»l«; 1* the^^tliht'e fi*liw^ and 
re I at i vee, the LfO, a smal I regi orwH hoepi tirt ijr i 1 «^ teachi r^ hosjp i ta I . 
This variable i^ a list of ail J^nown «>ur<^» of Ififii^iBation thit are 
available for this particular |Mitl«^t. If i doct# needs an axpart opinion 
about the patient's past medical history he mi(^t asl^ if rthji h*a aver been 
hospital ired. 

Credabi litu-of>Informa tion'€oufces (CRS» * Asibciated With each source of 
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information is a measure of its credability. This can be knoun a priori by 
the doctor or it can be computed based on the data that is reported from 
the source. If clearig contradictory data is reported, the source's 
credabilitg may be in doubt. In one protocol, after the doctor found out 
that the source of the information he wanted was a certain hospital uith a 
questionable reputation, he tended to discount much of the hospital record 
reported. 

Prefered-Informatipn-Sourcys (PSOURCE) - A list of thf information sources 
in order of preference. Expert witnesses such as recognized special ists or 
consultants will have a higher preference than LTDs. This list can not be 
computed directly from the credabi I ities, as soma then might not be Knoun. 
Thus, this list can consist of an ordered list of unordered sublists. 

F i nd i ng 8 Subcomponent 
The findings subcomponent consists of information about the featuree 
of the findings that have been reported. These features are independent of 
interpretation with respect to a disease hypothealst the primary concern 
is with the findings as objects of consideration by themselves. 
Any-F i nd i ng-rL i f e-Threa ten i ng (FLI FE) - This flag is turned-on i f a reported 
finding is potential iy life-threatening. (The vari.al?ile BflTREAT can be set 
to this variable.) A condition such as a high 8erum->diolestsrol level Is 
life-threatening over a long period of time while bleeding is immediately 
life-threatening. For this reason the variable values are NOU. SHORT-TERM 
and LONG-TERM. 
Pi f ferential-Net-for-Anu-Reported-Findinp (FtCT) - Many symptoms are 
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associated with • diffsrsntial dJscriilnatron nat tMssd on thslr dinansions 
of charactarlzatlon. Tha nodas fn Well i rtat point i6 dlfferant diaaaaa 
hypothasas. A coamon dlscrialnatlon stratagu uaadbu doctors is to run 
doun one of thass nets for a particular ftndinfl. ^br OKai^jra, symmatrlc 
periorbial <idema is suggestive of nephrotic symfr-ows »*i la aeummetric leg 
edema is suggestiva of callulitis. Thfl flag specifies if any of the 
reported findings has such an associatsd net. 

fla j or 1 tu«Sus tew^Assoc 1 a t i on-o f ^FTndrms tHSVS> - Host findings can be 
associated with a particular org»i systee of the tiody. For eKaeple, 
nausea, vomiting, eelena and diarrhea ar s associated Mith the GI systen, 
uhi I e dyspnea and rales are associatsd with ths respiratory System. Some 
findings, such as ueaknsss awd fever^ have no such isidciation. This flag 
indicates if the majority of the fltidihgs a*8 spsciflc to any particular 
organ system. It can play a role in the setedtidn of ah exploration 
strategy in the absence of any LIKELY hypotheses. 

Speeificitu ^df^THo-or-nore-Findlnos-Identical ^PECSI - Certain f indJnga 
are almost aluays associated with certain dtseasliT or diseaee cliesee. For 
example, squeezing cNist pain is almost #li«at^ SAwoeiated with heart 
disease. This association uiti, of courss, be refelected In the hypotheses 
structure. This flag specifies If two or more findlrtgs have the identical 
association. 

Individual Finding OeSCriPtora 
Finding-Classification (FCLASIF) - Findings ars classified as symptoms, 
historical events, physrcal-eMam or riteorat6f*y data. 
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Source-of-Findina (FSCXJRCE) - Patient, LMD, hospital r«cord, ate. 
F i nd i na~Credat» i M tu (FCRED ) 
Ser iousne88-of~Finding (F^RI ) 
Organ-Suataw-Assoc i at i on-of-F i nd i ng (FSYST) 
Diffarantial-Nat-for-Finding (FPCT) 
Spec I f i c-D i aeaae-Aasoc i at i ons (FSPEC) 

The Hupotheees Sub-cowponant 
Hupotheeis Li at Cbacriptory 
The first set of descriptors characterizes the hypotheeie Met In terMs 
of density, specificity and compactness. The underlying noeoiogy is a 
hierarchical Kll^-tree such as used by Pople <Pople 75>. 

Hyasures of Hypot^atif ^J3t„Pfpfltjj 
Total -Active-Hypotheses (TOTHYP), Tpt^^^ t^aj^-Hypthap^a, ,(;(;pTy K) , Total- 
Possible-Hypotheses (TOTPOS). ToUI^,li^aly4<tf^,^.h|)|>ys JTpTt^^^^ - The 
density of the hypothesis list (the nunber of hypotheeee in active 
consideration) plays an important role in strategy selection. A Iom 
density implies the use of confirmation stratepiesi a hij^h dfnaity, 
elimination and a zero density, exploration. 

neasyres of^ Hypptl^^y s, L i s^t , Spec| f i c i ty 
Hi ghest-C I qss i f i cat i on^Leve I -of- <LII(Ej,|,PpS^ByEt r^^Qthespp (Hgysy, 
m=m-f Lot^est-Classifiyation-Levet-of-JVfKEyy^ipS^JI^i-HM^^ 
(LCLSl.| J.CLff') - The specificity of a hi^thesiaja the nymper of separate 
diseases to uhich it can refer. For example, a hypptheais of regional 
enteritis can refer to Chron's disease or regional ileitis., in a KINO- 
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tree, the claesification level It the heiaht (nuuiber of fevele) of the node 
from the fringe of the tree. Thie Measure tende to indicate the nunber of 
different diecrininations that uould have to be nide to arrive at a nore 
epecific disease diagnosis. The spread betueen the hi(^est and (ouest 
levels is a factor in deciding betueen dlscrieinatlon and elinination 
strategies. For exanple. if the spread is large as In a hupo thesis list 
containing heart disease, liver disease and acute glomerulonephritis , an 
elimination strategy aimed at heart or liver disease might be appropriate. 
Uhereas, if the spread is small such as with renal disease, heart disease 
and liver disease, discrimination might be indicated. 

Number-of-Nodes-Covere d-bu-ILlKELY. POSSIBLE! -Hupo theses (LNODES. PNODES) - 
The total number of nodes covered by thi hyp^ffMiSes can be ueed In deciding 
between d I sea- 1 ml nation and elimination. A smalt eBW«r*lng fits better with 
discrimination etrategles, uhi te a large eovarlnfl Is better eulted to 
elimination. The covering is an indicator of the total range of diagnoetic 
options that must ultimatelu be considered. In selecting a hypotheele to 
eliminate, the larger the covering the better the hypothesis Is at a choice 
to cut. 

neasures of Hypothesis List Coipactness 
Classi fication*Levet -of«Flret-Common-Aneester'^odi-fof'» {LIKELY. POSSIBLEt - 
Hypothese s (CLWft.. CL^i^y - The co^actness of tfii hyp^thisla irarrefere 
to the range of different areas covered by the hvBpotheset. This Is 
reflected by how high up the disease classification tree one must go to 
find a common ancestor. Elimination strategies are suggested by high 
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values and diacrinlnation dtratsgiet by l^u vaiMf««^. ,^ 

Hitfa^hya^ft S^Mylwr* affffff.rjp*fyp 

Poasibilitiea-Li^t (»PLIS»I - Thli-^»?|.lftli 8|3«c|f j*^ >tfe^^tl^ 

hypothassii thfu ?»r« qrd^ed by abtcjjjutf aRsr^ «rH| qlftti fljad.ijy .|"^.lat i va 

scora: . 

((CQNFlRfie3TUl8t) (SATISFIEQ-Liit) 
(LfKEtY-Liat) 'ff»0SSmi4iit) 
(UrCIKELY-L t St) (Rgi^-qUT-U i at) ) 

The first entry on the LIKELY-List ia called the Principal Diseaai 
i^«3crth•8i» (POHK .^.^^r: irjM:.^ \ :'/■-. 

Hupotheses-Structtire-Gr^h «^CH^^) > A "^phlsf thJi rirlatlortal 
atnkrture of the haidthesia list. Lirtus Jftcl\idaft/ttfe6^QSlKtidATft^ and 

LUELY-or-P0SStBtJ4<ueothe<ra«'Ga#^€Afi#<^ 

C(X¥ I Rfia)4to)6 thta i a rt>dgfc} -Xirtain"pirttwW% %^ 

graiiih isire preclaaiified becifcjse of their relative iiipa^iiance in atrategy 

aalectton. In thia pdrticular- pattern/ one hypotfwalai a i conaequence of 

anothisr hypothesis that is believed true/ The e#ffK:t on atriategy aelection 

might be to force a eonfirMation stratagy ained It iHe ciuae or 

complication that ui I ( aeak explanatl()i^f for ihconaiatent data (if any) or 

attempt to match uncommon scenarios (ff r^eisiiryr in order to satisfy the 

cOhftrmat ion goat. 

SATISFIED-or-C0NPIRHi}-Hum)the8i8-C0rPLrorrit)N-^>(y^^^^ 

POSSri-E-Hupothasia (SCCLP) - Thli la the ravaria^ iHa ijravrdua 
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situation. Urinary tract infsctton is a hupoth«ai8 that ia easily 
confirwed. It Is, however, ^^ery eewMin^ly • «Oii^ of another 

clinical condition such as otjstruction. /l^teetor «ff«t hi^otheelz* the 
gpeneratlng condition even if there is nd ciifrect evicftihce for it as yet. He 
might then try to confirw or eiieinate this new hypothesis. The effect on 
strategy selection might be to fijrce the foia^s to &b ehifie^ to this new 
hypothesis regardless of its ordisr on the *PLi§«. (See 5ueetion 11 in 
Chapter 2.) 

Comb i ned-Hupothes i s (CCffS) - A coebined hypothesis it two or aore iwrelated 
diseases hyppthesUed together ae^ ji dli^inoftis. Ttw effect on strategy 
selection iiiight be to favor exploration str ai teg ii#. J n order to d#valop 
alternative hypotheses (If it is the only LIKELY or P(^pLE .h^^pfl^itteis}. 

Inctivi|M^l |^^he^l|Jffi;^ip|prp 
Sus t em-C I ass i f i ca t i on (SYSTEtl) - "[he »yst«|js cpnslctored are CI. 
Cardiovascular, GU, Respiratory. Nei^pic^ical, hepatic, Heiiiatppoietic, 
Endocrine, and Bone-and-Joint. Any specific ti^sv|^teM isuch.ae thei thyroid 
of the Endocrine system) is also noted. If multiple organ systeps Itf'e 
involved the value would be miTIRLE fol lowed bii | iiet of the eyateaie. 
For example, for Ui I son's diseate the value wou id be (fULTIPLE 
(NEUROLOGICAL BRAIN) (HEPATIC LIVER)). 

Disease-Cl inical-or-Phusiolooical-State (OSCS) - Each lH«jotheeie ia tagged 
with its basic clinical classification.^ Tfieftsapt! defease. clinic«^l-etate 
or physio logical -state. Chronic renai fallijre is a cj inical-etat* «hi le 
sodium retention is a physio logical -state. 



PAGE 125 

Acute-Staged-Chronic (ACP) - A hypothttis is claMifitd at bting aith«p 

acute (single-phase), acute-staged (multiple-phase) or chronict Examplest 

acute - APN, acute-staged - AGN, chronic -CPN, 

Episodic-Non-Episodic (EPSIO) - This vfriabia i^l fiat If the hgpothesis 

is episodic or not. Focal GN and Malaria dra apla^d^lidijiaasas. 

Single/riultiple-Etiologu (t€TIOL) - Classif ica tiM| ht^thaaift as either 

single or multiple etiology. Examples: Jingle-Etiology - Rubella, 

Multiple-Etiology - Acute pancreatitis. 

Treatable-Not-Treatable (TflEAT) - If there is a known treatment for the 

hypothesized disease. 

Etioloqu-Iwplica.tad-ln-TreatMent (STREET) - If tha atlology |t a factor in 

determining the nature of the treatment for auJ tip la-etiology conditions. 

D r f f er en t i a I -Re I a t i ves-on-Hupo thes i s-L i s t (DjI F^R | - I nd i ca tea if any 

diseases that can be el iminated through differential diagnosis of a i^ay 

symptom (already reported) are pratant on tha hypothaf ia I ist. 

Abso I ute-Score f^SCCBE) - A score ref I acting tha aval i^it ion of tha 

hypothesie frame. Normally, a ueight-o f -evidence i^lf'Mr a. 

Re I at i ve-Score (tgiyt^^E) - A score used to cJassjIy the hypotheals as 

CONFIRMED, LIKELY, etc. 

Hupothes i s-5ummaru (»HYSUt1») - The state of a hypothaaia with r aspect to 

the reported findings. The summary consists of ti^ pa^ta, the acanarlo 

summary (for a chronic disease) and the prototype aufimary (for all acute 

and most chronic diseases). For acuts-sta(^d diseases, the prototype 

summary would be a set of prototype summaries. Tha structure of thie 
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variable is the following: 

(HYPOTHESIS-SUMMARY 
(SCENARIO-SUMMARY 

(Pf€REQUISI TES-VERIFIED) 

(EVENTS-REPORTEO-IN-AGREEMENT) 

(EVENTS-R||!<efiTtOilN-^SA(»»EEMEfff> 

(EVENTS-NEEOEO-BUT-NOT-YET-iq«p) 

(tVENTS-ieWiJN-BdT-Not-Y^-Ne&ilD) 

(EVENTS-TESTED-ffiJT-REPORTEO-UNICNOWN) ) 
(PROtOTVPE-^JJIMARY 

(Fi NOI NGS-BEPORTEO-I N-ACSEEMENT) 

(FlJi!II«S^4«PORm]-IN-0lS«CRlEM^T) 

(F I NO I NGS-NEEDED-BUT-NOT-YET-JCNOMN) 

(F I NO I NGS-KNOUN-BUT-NOT-N^Dlfl) 

(FINDINGS-TESTEO-0UT-l«pqRTEp-yiiCND14N) ) ) 

If a reported finding (event) is not part of the prototype (scenario) but 
is considered consistent with the hypotheeieHli^ ifiiel fled •• known but 
not needed. It it is inconsistent with the hypothesis it is classified as 
known but in disagreement. 

Direct-Confirwation (DIRECT) - If there is a finding that can be used to 
directly confir* the hypothesis (prima facie eVidehcel. For eKanple, a 
positive urine culture directly confipMS a urVnar»tf tract Infection. 
Direct-Eli ml nation (ELIMO) - If there is a fih^lrtg that can directly 
eliminate (i.e. rule-out) a hypothesis (neceeeary evidence). 
ELIMD-DIRECT (CUTCON) - If the sane finding can be used to both directly 
confirm or directly el iwinate the hypothesis. 

Spec i a I -Str ateou (SPSTRAT) - If there is a speciii stratefly astociatad Mith 
the hypothesis. ' 

The Current Status Cowponsint 
The current status component is a descrijitibrt of how the diagnoser 
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vieus himself in carrying put a specific present i | jjiess. This coaponent 
plays the role of defining what, is npriiaMu considfiired thf „ei»t« of a 
process. 

Process State Descriptors 
Current-Present-I I Iness-Phase (PHASE) - The section af the preeent i I Iness 
currently being performed. The sections are: 

1. Synpton discovery and characterization. 

2. Past Medical htstory. 

3. Social and family history (optional). 

4. Physical examination. 

5. Standard laboratory tests. 

6. Complex diagnostic procedures. 

Review-of-Sustems-Ftaq (RSYSF) . flevteH-of-Sug^ewa--Po}nter IPPOim) - I f a 
review of syetems is currently biii% coiWIuetedtRS^). the section of the 
review correepohdlng to the current prwafti rt1n«iiiM*«»» *WWWT). 

Strateflu Baser Iptdrs 
S tfa teou-Fr awe- f or-^Cur ren t-Ques t i on (^Q) - The Tnetarttiated prototype of 
the strategy frame from which the cucreht quistion has been derived. 
Current-Goal-Tree (»GOALTREE)n) - A ipeclf IcaVroh of the goal -tree resulting 
from the binding of the strategy compofwnts of tha ttrat»gy framit. There 
are two varieties of root riodesj entry and continuation nodes. An entru 
node Is the top node of the subtree generated by a strategy frame. The 
expansion of an entry node includes the name of the strategy frame, the 
top-level structural and bound goal and a flag specifying the ANO/(W 
structure of Its immediate descendants. A continuation node is a root noda 
that ie not an entry node. The expansion of a continuation node Includee 
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the structural and bound goal and an AND/OR flag. 

Tha •xpantion of a laaf nod* incluctoa tha atructurat goal, tha bound 
goal, tha aathod and the question. For m^ap\9t 

(LI ((STRUCTyRAL-GOAL 

(GONFIRH (OECnEASED-fUMCTiPN OBGAN-SYSTin))) 
tBOUHD-QtW. 

(CONFIfHI (OECREASEO-FUNCTIJDN KIDNEY) )) 
(OEMJO 

(IF-THEN (CREATININE (> 1.?)) 

(OJESTICW 
MCREATWINE VALUED))! 

Also included in the eKpanslon of a laaf noda is the axpactad anauar 
(If any), this Is to decide if tt^ goat luwJiaan «at|a«JiM(. Goals 9rm 
marked as satisfied, not satiaf iafi or (MrtUJlM a»tlaii«^. 
FMtura-^Quast ion-List (j>{]UESf-iy) - The «iMB»tM>ns «f , »» l«»i nodaa are 
arranged in a list corrsspondlng to tbs phases of the present illness. 
Within each phase the questions are ordir?fd4l« tht l#ft- tonight aaquanca 
of the original goal-tres. If the gofti tree undargoaa trana^forMt ions, 
this variable is correspondirH)ly ipdatec^^ 

Phase-Trans i t i dM3n-NeKt -Quest ton (PHTRAN) - I' tha next queetion to ba 
asked represents a phase transition. Undpr cartAln circuii|tancaa thia can 
cause the current strategy to be recpapytad due to the da^pabj i i ^y of not 
having to return to a previous phase. 

Prpdiqa^pspp Ig: Yir.iifpl^y 

To facilitate the aatchlng of tprtinals of tff atratn^y fraaas to tha 
variables of the IOC a collection of prfdicatas (in addition tp thp noraal 
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logical operators) Is required. 

Hypothesis List Preditjates 
(LINKS <into out-of> Node-Set Nua) - The value of triis prfdicate ie TRUE if 
the number of links into (out-of) the collection of nodes specified by 
Node-Set is equal to Num. 

(LINK-TYPE Node-Set Type <into out-of>) - TRUE if any of the links into 
(out-of) the Node-Set are of the type specified. 

(HiifLIS* List) - The general hypothesis- list matching predicate. List 
specifies a sample hypothesis list to be matched against the current 
*PLIS)K. Examplet 

(n«PLIS* 
((LIKELY NONE) 
(POSSIBLE (< 2)))) 

This uill match any hypothesis list uith no LIKB.Y hv^theses and tuo or 

less POSSIBLE hypotheses. 

(haicHYGRAPH* Graph) - A predicate for testing the hypotheeee structure 

graph. For example: 

(ri*HYGRAPH* 

(AND (COnPLICATION-OF (1 POSSIBLE) POH) 
(CAUSE-OF 1 C2 POSSIBLE)))) 

Mill test if any POSSIBLE hypothesis is both a complication of the POH and 
a cause of some other PC^SIBLE hypothesis. 

Goal -Tree Predicates 
(NUfBER-OF <entru continuation leaf> <above belOH> Anchor Num) - This 
predicate is T(%JE if the number of the type of node specified above or 
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below the Anchor node is equal to Num. 

(ri*GOALTREE* Tree) - The general goal-tree matching predicate. Tree is the 

pattern to be matched against *GOALTREE*. 
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